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1. Introduction

1.1. Overview

The HAI Model, Release 5.0a (“HM 5.0a”) has been developed by HAI Consulting, Inc.
(“HAI"), of Boulder, Colorado,” at the request of AT&T and MCI for the purpose of
estimating the forward- 1ooking economic costs of:

a) Basiclocal telephone service;
b) Unbundled network elements (“UNES’); and
c) Carrier access to, and interconnection with, the local exchange network.

All three sets of costs are calculated based on Total Service Long Run Incremental Cost
¢ TSIZ_ RIC”) principles, and use a consistent set of assumptions, procedures and input
data

The HAI Model uses the definition of basic local telephone service adopted by the
Federal-State Joint Board on Universal Service (“Joint Board”) for universal service
funding purposes. The Joint Board states that the following functional elements are to be
considered as required components of universal service:

sngle-line, single-party access to the first point of switching in aloca exchange
network;

usage within alocal exchange area, including access to interexchange service;
touch tone capability;

access to 911 services, operator services, directory assistance, and
telecommunications relay service for the hearing-impaired.

Excluded from this definition of universal service are many other local exchange
company (“LEC") services, such as toll calling, custom calling and CLASS™ features,

L With its Release 5.0a, the model formerly known as the Hatfield Model is now named the HAl Model.
Hatfield Associates, Inc., the firm that developed prior versions of the Hatfield/HAI Model no longer
performs telecommunications consulting. All of the staff of Hatfield Associates who have played an active
rolein developing the Hatfield/HAI Model have formed a successor firm, called HAI Consulting, Inc.

2 When applied to the costing of unbundled network elements, TSLRIC equates to Total Element Long Run
Incremental Costs, or TELRIC asthe term is used by the Federal Communications Commission.

3 Federal-State Joint Board on Universal Service, CC Docket No. 96-45, Recommended Decision,
November 8, 1996, (“Recommended Decision”) Paragraph 45-53, 65-70.

HAI Consulting, Inc. 1



HAI Model Release 5.0a

private line services and white pages directory listings.* The existence of such servicesis
taken into account in developing the cost estimates for UNEs -- to the extent that the joint
provision of UNEs and other services impacts the costs of UNEs. Model users also may
adjust the degree to which severa specific UNEs are included in calculating universa
Service support requirements.

The HAI Model calculates the costs of the following UNEs:

Network Interface Device (“N1D”)
Loop Distribution

L oop Concentrator/Multiplexer
Loop Feeder

End Office Switching
Common Transport

Dedicated Transport

Direct Transport

Tandem Switching

Signaling Links

Signal Transfer Point (“STP”)
Service Control Point (*SCP”)
Operator Systems

Public Telephones

Finally, the model estimates the per-minute economic cost of providing local network
interconnection and access. These are estimated for connection points at end office and
tandem switches.

The model constructs a "bottom up” estimate of the pertinent costs based upon detailed
data describing demand quantities, network component prices, operational costs, network
operations costs, and other factors affecting the costs of providing local service. The
model’ s demand data, particularly data describing customer locations, line demand, and
traffic volumes, serve as the key initia drivers. From these data, the model engineers and
costs alocal exchange network with sufficient capacity to meet total demand, and to
maintain a high level of service quality.®> The mode'sinputs also include the prices of
various network components, with their associated installation and placement costs, along
with various capital cost parameters. These data are used to populate detailed input
tables describing, for example, the cost per foot of various sizes of copper and fiber cable,
cost per line of switching, cost of debt, and depreciation lives for each specific network
component.

* Although previous versions of the Hatfield/HAI Model included the monthly cost of maintaining awhite
pages telephone listing for each subscriber, the Joint Board and FCC have explicitly excluded thisitem
from the definition of supported universal service. Thus, in HM 5.0aits inclusion in cost calculations for
basic serviceisonly at the user’s express direction.

® In general, the level of service quality engineered into the HAI Model exceeds, by a substantial margin,
the customary level of basic service quality offered by the LECs over their embedded networks.
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Using these data, the model calculates required network investments by detailed plant
category. Next, the capital carrying cost of these investmentsis calculated. Operations
expenses are then added to compute the total monthly cost of universal service, various
unbundled network elements, stated on both atotal cost and an appropriate per-unit basis,
and carrier access to and interconnection with the local exchange network. Costs can
then be displayed on a study area, density zone,® wire center, Census Block Group
(“CBG"), or customer cluster basis.”

This document describes the structure and operation of the HM 5.0a, including a
discussion of various inputs to the model. Section 1.2 describes the recent evolution of
the Hatfield/HAI Model. Section 2 summarizes changes made to the model between HM
4.0 and this version. Section 3 provides a genera overview of the local network being
modeled. Section 4 reviews briefly the structure of the model and its data. Section 5
focuses on the method by which customer locations are determined and clustered.
Section 6 describes in detail each module and its operation. Section 7 summarizes the
document.

Appendix A provides abrief history of the Hatfield/HAI Model. Appendix B identifies
the user inputs to the model and their default values. Appendix C provides flow charts
describing the data input development process used to obtain demographic and geological
information, residence and business line counts, wire center mappings and loop distances.
Appendix D describes the HM 5.0a’ s calculation of interoffice network distances.
Finaly, Appendix Eprovides equation listings of the HM 5.0a’s network engineering
logic modules.

1.2. Evolution of the Hatfield/HAI Model

On May 7, 1997, the FCC released its Order implementing the mandate for universal
service contained in the Telecommunications Act of 1996. In the Order, it declined, on
the basis of its current record, including the Report of the State Members of the Joint
Board, to endorse a model, and indicated it would issue a Further Notice of Proposed
Rulemaking (FNPRM) detailing what it believed to be the appropriate requirements and
guidelines that such a cost methodology should incorporate. This FNPRM was rel eased
on July 18, 1997. In this FNPRM the FCC provided a wealth of information about what
the Commission believes are the appropriate properties to be incorporated into a proxy
cost methodology. These include:

A more sophisticated and precise method of locating customers;

® The HM 5.0a differentiates among density zones based on the number of subscriber access lines per
square mile of service area.

" A CBG isaunit defined by the U.S. Bureau of the Census, and nominally comprises between 400 and
600 households. Customer clusters are dynamically formed aggregations ranging from singleton isolated
customer locations, up to 1800 customer locations. See, Section 5.5 below, for a description of the spatial
and size criteria used by the HM 5.0ain forming customer clusters.

HAI Consulting, Inc. 3
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A choice of outside plant technologies and structures that reflects more closely
local cost conditions,

Explicit modeling of host/remote relationships between end office switches; and

More flexible assignments of expenses based either on lines or relative
investments.

The Commission set up a series of weekly meetings, and Comment and Reply cyclesto
address each of these and other related issues in greater depth. The Commission aso
indicated its intention to select a model for determining universal service support for
nonrural carriers by the end of 1997.

HM 5.0a, as here submitted, is responsive to each the Commission's requirements as
presented in the Order, the requirements outlined in the FNPRM on cost modeling, and
the public notice guidance provided by the Commission subsequent to its release of the

FNPRM. Indeed, HM 5.0a represents a revolutionary advance in the modeling of local
telephone network costs by its incorporation of:

Actual gecoded customer |ocations;

An agorithm that identifies clusters of customers that may be served efficiently
together — without recourse to arbitrary geographic limitations;

Numerous optimization routines that ensure the use of outside plant that is most
technically and economically suited to particular local conditions;

Explicit specification of host, remote and stand-alone switches;

An optimizing algorithm for the creation of efficient interoffice SONET transport
rings, and

Opportunities to alocate flexibly expenses based on lines or relative investments.

As aresult of these many changes, HM 5.0a has refined greatly the task of identifying
actual customer locations, and clustering them into units logically served by
telecommunications outside plant. The model has thus moved well ahead of other
models that employ more geographically limited, rule-of-thumb calculation techniques.

HM 5.0 was originally submitted to the FCC on December 11, 1997. A number of small
but significant changes have been made to the Model’ s data, logic and documentation
since that time. These are incorporated into arevision referred to as HM 5.0a, released
January 28, 1998. Section 2.8 summarizes the changes between HM 5.0 and HM 5.0a.
To the extent those changes impact the model description, they are reflected in this
document.

HAI Consulting, Inc. 4
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2. Summary of Changes Between HM 4.0 and HM 5.0

The changes between HM 5.0 and the previous release of the model, HM 4.0, are
summarized in the first portions of this section. Section 2.8 summarizes the changes
between HM 5.0 and HM 5.0a. All of these changes are reflected in the discussion of
how HM 5.0a operates, presented in Sections 4 and 6.

2.1. User Interface

The new features of the user interface provide the user with many additional
inputs and options. Among the new inputs included are the ability to designate
specific end office switches as hosts, remotes, or standalones — as well asto
assign remotes to a particular host; ability to specify variable T1 repeater spacing;
ability to enable the steering of feeder toward population clusters within a
guadrant; the ability to invoke awireless distribution option if its cost is less than
wireline, and many more.

The interface also now allows the user to select multiple companies from one or
more states (limited only by hard drive space) to be run in automatic sequence by
the model. Expense Modules and workfiles are then produced for each individual
company, and their universal service calculations rolled up.

2.2. Input Data

The HM 5.0a input data locate customers much more precisely. These data
determine the actual precise locations of as many customers as possible through
latitude and longitude geocoding of their addresses. The remainder are located to
at least the Census Block g CB”) level of precision and are assumed to be placed
along the CB’ s periphery.

A clustering algorithm is used to determine groupings of customers that have
extremely realistic correlation to efficient distribution aresas.

The August 1997 Local Exchange Routing Guide (“LERG”) is used to identify
and locate LEC wire centers.

Business Location Research (“BLR”) wire center boundaries are used to associate
customer locations with LEC wire centers. This ensures that all identified clusters

8 Previous versions of the HM only located customers precisely to their Census Block Group (CBG).
Within high density CBGs, customers were assumed either to be spread uniformly across the CBG. Inlow
density CBGs, a portion of customers was assumed to be clustered in quadrants, while another portion was
assumed to spread along outlying roads.

HAI Consulting, Inc. 5
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2.3.

2.4.

arerestricted to include only customer locations that fall within the boundaries of
asingle wire center.

Company line count totals are determined from the most recent available data,
including that provided in the 1996 ARMIS data and NECA USF Loops filing for
1996.

The method of estimating line counts by LEC wire center is refined, and line
counts can be determined by CB.

1996 ARMIS data (rather than 1995 ARMI S data) are used to estimate traffic
volumes and expense inputs.

Outside Plant Selection

HM 5.0a automatically adjusts buried and aerial structure fractions to account for
varying maintenance costs and placement costs occasioned by local soil
conditions and bedrock. The amount of one type of structure substituted for
another depends bothon differences in placement costs and on alife-cycle
analysis of maintenance and capital carrying costs of the two types of structure.

Distribution Module

HM 5.0alays its distribution plant directly over the actual identified |ocations of
customer clusters.

Rather than assuming that the distribution areais square, HM 5.0a engineers its
distribution grid as arectangle. The aspect ratio (height-to-width) of this
rectangle is determined by the data input development process for each cluster,
and distribution cableis laid out in a fashion that reflects this aspect ratio.

HM 5.0a serves “outlier” clusters from “main clusters’ on which they home,
using digital T1 technology whenever the road cable length exceeds a user-
adjustable maximum analog copper distance.® The cables carrying T1 signalsto
the outlier clusters are separate from the analog copper cables that extend from
the T1 terminal in each outlier cluster to the customer locations within the outlier
cluster.

Assuming that the distance of a cable run is sufficiently short so that use of
copper feeder is atechnically acceptable option, the HM 5.0a performs an
analysis of the relative life-cycle costs of copper versus fiber feeder to determine
which feeder technology should be used to serve the given main cluster.

9 Outlier clusters are clusters that contain fewer than five lines. Main clusters are cluster containing five or
morelines. These clusters are served by feeder linking them to their serving wire center. See Section 6.3.2
for more detail.

HAI Consulting, Inc. 6
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2.5.

2.6.

The HM 5.0a aso incorporates an optional, user-adjustable “cap” on distribution
investment. This cap is structured to reflect the potential cost structure of wireless
distribution technologies.

Feeder Module

HM 5.0a engineers feeder to serve actual population main clusters (and uses
distribution cable to serve main clusters subtending outlier clusters), rather than
simply engineering to each CBG.

At the user’ s option, the HM 5.0a “steers’ feeder routes toward the preponderant
location of main clusters within a given wire center quadrant.’° When this
steering is invoked, the user may also apply an adjustable route-to-airline distance
multiplier to the amounts of cable placed aong these “steered” feeder routes.

Manhole placement costs are increased by a user-specified anount whenever the
local water table depth is less than the user-specified threshold.

Switching and Interoffice Module

At the user’ s discretion, HM 5.0awill both engineer and cost explicit
combinations of host, remote and stand-alone end office switches. If the user
does not make such a specification, the HM 5.0a defaults to computing end office
switching investments using input values that provide average per-line
investments for an efficient portfolio of host, remote, and stand-a one switches. !
If the host/remote/standal one designation option is invoked, the user is required to
specify whether awire center houses switches that are hosts or remotes, as well as
to assign the correspondence between host and remote switches.

Further, when the user chooses the model to distinguish explicitly between switch
types, the HM 5.0a assumes that each host and its remotes are on a Synchronous
Optical Network (“SONET”) fiber optics ring separate from the interoffice rings
used to interconnect host, standalone and tandem switches with each other.

The HM 5.0a calculates explicitly a set of interoffice SONET rings that
interconnect host, standalone, and tandem switches with each other. Based on
this explicit specification of what wire centers are on each interoffice ring, the
HM 5.0a determines associated ring distances using the actual locations of the
wire centers along the ring. In addition, the rings are appropriately interconnected

10 The default treatment, if steering is not invoked, is for the Feeder Module to calculate feeder distances
using "right angle routing” in the four cardinal compass point directions, as employed in HM 4.0.

1 The Model defaults to an average per-line mix because accurate data on the purchase prices of a portfolio
of host, remote and standal one switches of varying capacities, and on the identification of hosts, remotes,
and stand-al one switches, may not be available to the user.

HAI Consulting, Inc. 7
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2.7.

2.8.

2.8.1.

with each other, and tandem switches are a so interconnected if they fall within
the same LATA.*2,

The HM 5.0a engineers redundant paths and associated transmission terminal
equipment for the point-to-point (folded) rings that may be specified to connect
small offices to the larger wire centers on which they home.*3

Expense Modules

A Uniform System of Accounts (“USOA™) detail worksheet is included that
breaks out HM 5.0a investments and expenses by Part 32 account for comparison
purposes.

The proportion of total expenses that are assigned to loop network elements (i.e.,
NID, distribution, concentration and feeder) can be varied based either on relative
number of lines, or on the relative amount of direct expenses (direct expenses
include both maintenance expenses and capital carrying costs for the specific
network elements).

Both federa and state universal service fund requirements can be calculated in the
density zone USF worksheet. This separate calculation permits differing state and
federal cost benchmarks to be specified, as well as different collections of local
services (e.g., primary and secondary residential lines, single business lines, etc.)
to receive universal service support.

In addition to displays of costs at the lines density zone and wire centers levels of
aggregation, costs can also be displayed at the CBG and individual population
cluster level.

Changes Incorporated in HM 5.0a

Distribution Module

HM 5.0a modifies its method of dividing clusters to more efficiently ensure that
the length of cables carrying analog signals never exceeds the user-set maximum
(default = 18,000 ft).

HM 5.0a corrects minor typographical errors in equations used to calculate the
portions of structure that “swing” between buried and aerial based on abnormal
local life-cycle costs, and in the wireless cap equations.

12 | nterLATA links are excluded from the model because such links are not part of the local exchange

network.

13 The user may specify a minimum number of lines that awire center must serve (default of just one)
before that wire center is placed on an interoffice ring with other end office switches— rather than being
interconnected directly only to its“home” wire center.

HAI Consulting, Inc. 8
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2.8.2.

2.8.3.

2.8.3.1.

Adds columns that calculate average loop lengths.
Switching and Interoffice Module

The time required to execute this module for large companies is reduced by
sourcing from other portions of the workbook, rather than calculating, certain
distance and DS3 count information.

For wire centers owned by small LECs without local tandems, connectivity to a
tandem is established in two pieces. First, a spur is engineered to the closest large
LEC wire center that is on an interoffice ring. Second, the equivaent investments
in facilities and terminal equipment associated with the required number of leased
circuits on this ring that are used to connect this large LEC wire center to its
tandem are calculated on a per-DS0 facilities basis. Thisisin contrast to the
previous method of determining the cost of interoffice route between the Large
LEC wire center and its tandem based on multiplying the distance between these
nodes by an assumed dedicated circuit- mile charge.

Rings now must have a minimum of four nodes, assuming there are that many
wire centers, versus a prior minimum of two nodes.

HM 5.0a provides several new “traps’ to prevent certain execution problems.
These include: 1) the ring- generating code is modified to expect the user-specified
“host/remote enable”’ option as boolean type rather than a string; 2) stand-alone
tandems now have an associated interoffice distance; 3) the number of alowed
wire center records has been increased from 1,500 to 2,000; 4) the ring- generating
code contains logic to determine whether host/remote cal cul ations are enabled
before eliminating remotes as first order ring candidates; 5) the ring- generating
code uses wire center records generated from the HM5.0a database as the source
of the locations associated with a particular state and operating company; 6) the
ring-generating code now updates the progress bar in closer proportion to the
modul €' s degree of completion; 7) the ring- generating code writes al resultsinto
alistinthe“ring i0” worksheet; 8) the array dimension in the routine computing
interoffice mesh distances has been increased from 25 to 100 elements; and 9)
several additional “divide checks’ are provided and syntax errors corrected.

Expense Modules
Density Zone and Wire Center Versions

Corrects the calculation of weighted average depreciation life for non-metallic
cable to include interoffice fiber facilities.

The “Cost detail” sheet of the DZ version allows for the substitution of ICO-
equivalent DSO transport values.

HAI Consulting, Inc. 9
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2.8.3.2.

2.8.4.

2.8.5.

Corrects cell references for residential and business usage in the wire center USF
sheet from absolute to relative.

Expense Modules — CBG and Cluster Versions

Improves on the previous CBG expense module by associating cluster costs to the
several CBGs that may overlay the cluster in proportion to the relative number of
lines that each CBG displaces of the cluster’s total quantity of lines.

Adds a Cluster expense module that displays cost results on a customer cluster-
by-cluster basis.

Interface ltems

Corrects several nonfunctioning items in the interface, including: 1) permitting
Puerto Rico to be run through the interface; 2) fixing the OLE error that
previously has occurred the initial time the newly installed HM 5.0 is run; and 3)
speeding the run time of the Feeder module

Input Data ltems

Corrects several data discrepancies, including: 1) correcting the several “problem
clusters’ that previously were incorrectly sized; 2) adding the clusters that were
missing from the California data; and 3) assigning correctly the lines density
classification of Puerto Rico clusters; and 4) correcting the state assignment of
several small LECs that operate across state borders.

Adds CBGMulti data table that relates clustersto the several CBGs that overlay
them based on relative counts of lines associated with each CBG.

Adds data that permit easy calculation of average loop lengths by cluster and wire
center.

HAI Consulting, Inc. 10
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3. Fundamental Structure of Local Network

3.1. Components of the Local Exchange Network

This section describes the network configuration and components modeled in HM 5.0a.
Figures 1, 2 and 3 depict the relationships among the loop, switching, interoffice, and
signaling network components.

3.1.1. Loop Description

Figure 1 depicts the loop model utilized in HM 5.0a. Section 3.1.1.1 defines the serving
area. Section 3.1.1.2 provides a general description of the loop, depicted in Figure 1.
Section 3.1.1.3 describes the loop components in more detail.

Exchange
Trunksto Ares
Other Wirecenters / Boundary
Wire
Center
Serving Area M / \
Serving Area
-] SAl Feeder Cable
(Copper or Fiber)
' Distribution Cable (Copper
Serving Area mr | sal (Copper)
SAl | RT ‘ TerminaI/SpIice
Drop or
’ \ Service Wire
/\ NID
O LEGEND
L] D D I Serving Area NID = Network Interface Device
| RT = Remote Terminal
I SAl = Serving Area Interface

Adapted from Engineering and Operationsin the Bell System, 2™ Edition, 1983

Figurel L oop Components

3.1.1.1. Serving Area
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The total area served by awire center is organized into one or more serving areas, each of
which contains a portion of the area and lines served by the wire center. The serving
areas are delineated by dotted lines in the above figure. In HM 5.0a the serving areas
eguate to main customer clusters and their subtending outlier clusters, as discussed in
Section 6.2.

3.1.1.2. General Loop Description

One end of the feeder portion of the loop terminates within the central office building, or
"wire center." Copper cable feeder facilities terminate on the "vertical side" of the main
distributing frame (“MDF") in the wire center, and fiber optic feeder cable serving
integrated digital loop carrier (“IDLC”) systems terminates on afiber distribution frame
in the wire center.

The other end of the feeder extends to an appropriate termination point in the serving
area. Copper feeder cables terminate on one or more serving area interfaces (“SAIS’) in
each serving area, where they are cross-connected to copper distribution cables. Fiber
feeder cables extend to adigital loop carrier (“DLC”) remote termina (“RT”) in the
serving area, where optical digital signals are demultiplexed and converted to analog
signals. Individual circuits from the DLC are cross-connected to copper distribution
cables at an adjacent SAI.

Copper distribution cable extends from the SAI along routes passing individual customer
premises. At appropriate points, these cables pass through block terminals typically
serving several housing units. In the terminal, individual copper pairs in the distribution
cable are spliced to “drops’ that extend from the terminal to the customers premises. The
drop terminates at a network interface device, or NID, at the customer’s premises.

Feeder, distribution, and drop cables are supported by “structures.” These structures may
be underground conduit, poles, or trenches for buried cable and underground conduit.
Underground cable is distinguished from buried cable in that underground cable is placed
in conduit, while buried cable comes into direct contact with soil.** In more urban aress,
aeria distribution cable may be attached directly to the outside of buildings, in what is
called a“block cable” arrangement, or, for high-rise buildings, may consist of riser cable
inside the building.

3.1.1.3. Local Loop Components
1) Network Interface Device

The NID is the demarcation point between the local carrier's network and the
customer’sinside wiring. This device terminates the drop wire and is an access
point that may be used to isolate trouble between the carrier’s network and the
customer’s premises wiring. The NID also contains protection against externally-

14 Although the conduit supporting underground cableis always placed in atrench, buried cable may either
be placed in atrench or be directly plowed into the earth.
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2)

3)

4)

5)

induced hazardous voltages, such as those associated with lightning strikes and
contact between telephone and electric lines. In a multi-tenant building, the
protection is located at the point at which the distribution cable enters the
building.

Drop

A copper drop cable, typically containing several wire pairs, extends from the
NID at the customer’s premises to the block terminal at the distribution cable that
runs along the street or the lot line. The drop can be aerial or buried; generally it is
aeria if the distribution cable is aerial, and buried if the distribution cableis
buried or underground.

Block Terminal

The “block termina” is the interface between the drop and the distribution cable.
When aerial distribution cable is used, the block terminal is attached to a polein
the subscriber’s front yard at the edge of aroad. A pedesta contains the block
terminal when distribution cable is buried.

Distribution Cable

Digtribution cable runs between the block terminals and an SAI located in the
serving area. Limitations on the capacity of an SAl and/or the distribution design
used in a particular serving area may lead to multiple SAls. Distribution structure
components may consist of poles, trenches and conduit.*®

Conduit and Feeder Facilities

Feeder facilities constitute the transmission system between the SAI and the wire
center. These facilities may consist of either pairs of copper wireor aDLC
system that uses optical fiber cables as the transmission medium. InaDLC
system, the analog signals for multiple individual lines are converted to a digital
format and multiplexed into a composite digital bit stream for transmission over
the feeder facilities

Feeder structure components include poles, trenches and conduit. Manholes for
copper feeder or pullboxes for fiber feeder are also normally installed in
conjunction with underground feeder cable. Manhole spacing is a function of
population density and the type of feeder cable used. Pullboxes that are installed
for underground fiber cable are normally farther apart than manholes used with
copper cables, because the lightness and flexibility of fiber cable permitsit to be
pulled over longer distances than copper cable.

15 Because underground distribution exists only in the highest density zones where runs are relatively short,
and because in such zones underground structure is commonly shared with feeder, distribution facilities
typically do not include manholes.
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Several utilities, e.g., eectric utilities, LECs, IXCs and cable television (“CATV")
operators, typically share structure because it is economical to do so. Manholes
may be shared with low-voltage facilities. The amount of sharing of structure and
manholes may differ in different density zones and between feeder and
distribution cables.

3.1.2. Switching and Interoffice Network Description

This section provides a general description of the network components comprising the
wire center and interoffice facilities. Figures 2 and 3 illustrate the relationships among
the components described below.

3.1.2.1. Wire Centers

The wire center is alocation from which feeder routes extend towards customer premises
and from which interoffice circuits or “trunks’ emanate toward other wire centers. A
wire center normally contains at least one end office (“EQO”) switch and may aso contain
atandem switch, an STP, an operator tandem, or some combination of these facilities.
Wire center physical facilitiesinclude a building, power and air conditioning systems,
rooms housing different switches, transmission equipment, distributing frames and
entrance vaults for interoffice and loop feeder cables.

HAI Consulting, Inc. 14
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3.1.2.2. End Office Switches

The end office switch provides dial tone to the switched access linesit serves. It aso
provides on-demand connections to other end offices via direct trunks, to tandem
switches via common trunks, to interexchange carrier (“IXC”) points of presence
(“POPs") via dedicated trunks, and to operator tandems via operator trunks.

3.1.2.3. Tandem Switches

Tandem switches interconnect end office switches via common trunks, and may also
provide connections to I XC POPs via dedicated trunks. Common trunks also provide
aternatives to direct routes for traffic between end offices. Tandem switching functions
often are performed by switches that also perform end office functions. Tandems
normally are located in wire centers that also house end office switches

HAI Consulting, Inc. 15




HAI Model Release 5.0a
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3.1.2.4. Interoffice Transmission Facilities

Interoffice transmission facilities carry the trunks that connect end offices to each other
and to tandem switches. The signaling links ina Signaling System 7 (“SS7”) signaling
network are also normally carried over these interoffice facilities.

Interoffice transmission facilities are predominantly optical fiber systems that carry
signalsin SONET format. Both economic and service quality considerations increasingly
prescribe the use of afiber optic ring configuration to link switches, except for switches
that serve few lines or that are too remote from other switches, where ring costs might be
prohibitive. In this case, the small switches are typically connected to a nearby wire
center housing another end office switch that is on aring, or the tandem on which the
small switch homes, via point-to-point links that are increasingly provided on a route-
diverse (that is, redundant) basis for the sake of increasing reliability. Use of rings and
redundant point-to-point links in this fashion provides an extremely secure path between
any two switches, and the potential for substantial cost savings relative to the ubiquitous
deployment of traditional point-to-point facilities interconnecting all switches.

3.1.2.5. Signal Transfer Points
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STPs route signaling messages between switching and control entitiesin a SS7 network.
Signaling links connect STPs and Service Switching Points (“SSPs’). STPs are equipped
in mated pairs, with at least one pair in each Local Access Transport Area (“LATA").

3.1.2.6. Service Switching Points and Signaling Links

SSPs are SS7-compatible end office or tandem switches. They communicate with each
other and with Service Control Points (“SCPs”) through signaling links, which are 56
kbps dedicated circuits connecting SSPs with the mated STP pair serving the LATA.

3.1.2.7. Service Control Points

SCPs are databases residing in an SS7 network that contain various types of information,
such as IXC identification or routing instructions for 800 numbers in regional 800
databases, or customer line information in Line Information Databases (“LIDB”).

HAI Consulting, Inc. 17
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4. HM 5.0a Model Organization, Structure and Logic

4.1. Overview of HM 5.0a Organization

Figure 4 shows the relationships among the various modules contained within HM 5.0a.
An overview of each component of the Model follows.

Cust_lczmer_CIIt:J)stfrbLoc. Wirecenter Locations and ARMIS
and 1errain Database Interoffice Distance Files Files
Customer cluster locations and
associated terrain attriautes + ¢
Distribution and Feeder Module < Default
Calculates distribution and feeder distances, Inputs
feeder types, and distributes investments

* | User Input
Feeder Module Adjustments

< J

Calculates feeder investment

+ User

—— - Interface
Switching & Interoffice Module

Calculates switching, signaling, and >
interoffice investments

v

Expense Modules
(Density Zone, Wire Center, CBG, Cluster) |« S Workfiles

Calculates basic service cost, UNE
unit costs, and interconnection costs

Output Reports

Figure4 HM 5.0a Organization Flow Chart
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4.2. Input Data
Inputs to HM 5.0a include detailed data describing the following items.

Demographic, geographic and geological characteristics of the areas served by
each telephone company. These data records are specific to individua “clusters”
of customer locations (i.e., “main” clusters and their subtending “outlier”

clusters). They include information on the number of customer locations and
lines receiving telephone service in a cluster, the geometric configuration of the
cluster’ s boundaries, the wire center that serves the cluster and the cluster’s
location relative to this wire center and to other nearby clusters, and the type of
terrain that characterizes the cluster. The character and development of these data
are described in greater detail in Section 5.

Wire center locations, and interoffice distances between end offices, tandems, and
STPs used to determine the route miles required for interoffice transmission and
signaling facilities. These data are largely developed from Bellcore’s LERG and
NECA Tariff 4.

1996 ARMI S data reported by the Tier 1 LECs. These data provide information
about current demand levels that the LEC must serve, and relationships between
the LEC’ s embedded expenses and investments.

Numerous user-adjustable inputs that allow users to set carrier- or locale-specific
parameters, and perform sensitivity analyses. These inputs have preset default
values based on the engineering experience and judgment of HAI personnel, as
well as the judgements of independent subject matter expert consultants to HAL.

4.3. Workfiles

A run “workfile” is created from the input data files when a particular state/company
(i.e., study area) combination isrun for the first time. Asacomplete run of the HM 5.0a
progresses, intermediate outputs from the HM 5.0a s constituent modules are stored in
the run’sworkfile. Once the run is complete, its workfile may be examined. A great deal
of information above and beyond that presented in the Expense Module spreadsheets
(that contain the principal final results of the model’s analysis) may be obtained from the
run’sworkfile. One example is average loop length, by cluster and by wire center.
Additionally, the user may perform separate analyses on the LEC study area by directing
the model to create a new workfile for a subsequent run.

4.4. User Interface
The HAI Mode includes a user interface program that facilitates model operation,

including extraction of data from the input files, providing dialog boxes for users to
manipulate model inputs, executing the Excel workbooks that constitute the model,
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saving intermediate results, and managing the flow of intermediate results between
different modules.

The user interface program also performs certain simple aggregation and summarization
calculationsin Visual Basic for Applications (“VBA”). This shortens greatly execution

times and allows users examining the model’s Excel workbooks to focus on the model’s
fundamental engineering logic.*®

4.5. Distribution Module

The Distribution Module addresses the portion of the network extending from SAlsto the
customers premises. The module determines the lengths and sizes of distribution cable,
the associated structures (poles, trenching, and conduit), the number of terminals, splices,
drops, and NIDs required to provide service to the specified numbers and types of
customers, and the number and type of SAls and DLC terminals required. The module
also calculates certain distances required by the Feeder Module, and, according to those
calculations, determines whether to serve a given distribution area using feeder
transmission facilities consisting of copper wire pairs, or using DL C running over optical
fiber cable. The model selects fiber feeder if any of following five criteria are met:

a) the feeder distance exceeds a user-adjustable crossover distance (set to a default
value of 9,000 feet) that limits meximum distance of any copper feeder run;

b) the total copper loop length, including feeder and distribution cable, for customer
locations within a main cluster, exceeds a user-adjustable maximum analog
copper distance whose default value is 18,000 feet;

c) themain cluster has at least one outlier cluster subtending it;

d) ananalysisof the life-cycle costs of fiber vs. copper feeder shows that fiber feeder
is the more economical choice, or

e) the “wireless’ investment cap is invoked.

These criteria are described in greater detail in Section 6.3.5. If, based on these criteria,
copper feeder is chosen, it extends out to an SAI located at the centroid of the main
cluster. Copper distribution cable then extends from the SAI to al customer premisesin
the cluster. If fiber feeder is chosen, it extends from the wire center out to the centroid of
the main cluster. From this point, one of two configurations is used to serve the customer
locations within the main cluster. If the distance to the farthest customer location in the

16 Model versions prior to HM 3.0 used Microsoft Excel’s Pivot Table feature to summarize various results
at the wire center and density zone levels. Although this feature was quite flexible, applying pivot tables to
the very large arrays of datarequired by the model led to very slow execution times.

17 The anal og copper distance refers to the distance over which signals are transmitted in anal og voiceband
form on copper cable.
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main cluster is less than the user-adjustable maximum analog copper distance, asingle
DLC RT islocated at the cluster centroid, and copper distribution cable extends from this
DLC RT to al customer premisesin the main cluster. If the distance to the farthest
location in the main cluster exceeds the maximum analog copper distance, then fiber
connecting cable extends vertically and/or horizontally from the centroid to two or more
DLC RTs, each of which serves a portion of the main cluster and is located to ensure the
longest remaining distance is less than the maximum analog copper distance. From these
multiple DLC RTSs, copper distribution cables extend to the customer premisesin the
portion of the main cluster they are responsible for serving.*®

The HM 5.0a Distribution Module serves outlier clusters that subtend main clusters with
analog copper cable if their distance from the DLC RT in the main cluster does not
exceed the user-adjustable maximum analog copper distance parameter, and if this outlier
cluster has no other outlier clusters either subtending it, or lying between it and the main
cluster.’® If the distance to the farthest subscriber within an outlier cluster would exceed
this threshold, the Distribution Module serves the outlier cluster with digital loop carrier
equipment using copper-based T1 digital transmission.?° Once the outlier cluster has
been reached, analog copper distribution cables are used to serve the customers located in
the outlier cluster.

After the module has determined the quantities of all distribution elements, it calculates
the investment associated with these elements, including distribution and drop cable,
structures, NIDs, terminals and splices, SAls, and DLC terminals, using as inputs the
user-adjustable unit prices of each element. The numbers and types of elements
engineered can be examined in the intermediate outputs of the Distribution Module as
recorded in the workfile.

4.6. Feeder Module

The Feeder Module configures the portion of the network that extends from the wire
center to the SAls. Based on information it receives from the Distribution Module, it
determines the size and type of cables required to reach the SAlslocated in each serving
area, along with supporting structures (poles, trenching, conduit, manholes, and fiber
optics pullboxes). The Feeder Module then cal culates the investment associated with
these elements, using as inputs the unit prices of each such element. It passes these
investments to the Expense Modules. The numbers and types of network elements
required can be examined in the intermediate outputs of the Feeder Module as recorded in
the workfile.

181, however, the model invokes awireless local distribution system, fiber feeder extends to the radio base
station located in main cluster, and final distribution is made to customersin outlier clusters over-the-air.

19 such an outlier cluster istermed a“first order” outlier.

20 This technology does not require the use of loading coils or coarse-gauge cable, and it also permits basic
rate ISDN and other advanced narrowband services to be provided to all subscriber locationsin the model.
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4.7. Switching and Interoffice Module

The Switching and Interoffice Module computes investments for end office switching,
tandem switching, signaling, and interoffice transmission facilities. In HM 5.0a the user
can designate specific wire center locations that house host, remote, and stand-alone
switches, respectively, as well as specify inputs for the per- line investments associated
with each type of switch. HM 5.0a will then calculate switching investments taking into
account the switch arrangements that the user designates.

The switching module determines the required line, traffic, and call processing capacity
of switches based on line totals by customer type across all serving areas belonging to the
wire center, and based on ARMIS-derived traffic and calling volume inputs. It aso
determines the required capacity and distances of interoffice transmission facilities, using
the traffic data and the interoffice distances that are input to the Module. In doing so, it
uses wire center locations and interoffice distances to determine an efficient mix of
interoffice SONET fiber rings and redundant point-to-point fiber links. Rings are
separately provided for linking host switches to their subtending remotes, and for linking
host switches to each other, to stand-alone switches and to the tandem switches on which
they home.?* The numbers and types of elements involved can be examined in the
intermediate outputs of the Switching and Interoffice Module as recorded in the workfile.

4.8. Expense Modules

There are four different versions of the HM 5.0a’s Expense Module — one for each of the
four levels of granularity at which the user can elect to have cost results displayed: by
line density range (which also displays total study area costs), by wire center, by CBG, or
by customer cluster.?? Each version calculates the monthly costs for unbundled network
elements, universal service, and carrier access and network interconnection. These costs
include both the capital carrying costs associated with the investments, and the costs of
operating the network. Capital carrying costs include depreciation, return on the debt and
equity investment required to build the network, and income taxes on equity return.
Network-related expenses include maintenance and network operations. Non-network
related expenses include customer operations expenses, general support expenses, other
taxes and variable overhead expenses.

Several sources provide information to the Expense Modules. The Distribution, Feeder,
and Switching and Interoffice Modules provide network investments by specific plant

2L At the user’ s option, small standalone wire centers serving fewer lines than a user-adjustable threshold
(default value: one line) may be excluded from being placed on rings, and instead linked directly to its
serving tandem using point-to-point links. In this case, the model attempts to physically route these point-
to-point circuits through a nearby large wire center, and then over the fiber ringsit has otherwise
engineered for interconnecting larger offices and tandems.

22 Although the HM 5.0a engineers no plant based on CBG granularity, the results of its engineering to
individual clusters may berolled up to display cost results at the CBG level. The association between
clusters and CBGs is made based on the relative number of lines each cluster contributesto a CBG’stotal.
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category. ARMIS and other sources are used to derive information on network operating
and maintenance expense rel ationships.

The Expense Modules produce reports (either by density zone, wire center, CBG, or
cluster) showing the key outputs of the model, including the costs of providing universal
service, unbundled network e ements, interconnection and I XC access. Further detail
about network investments and costs is available from the workfile associated with a
modd run.
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5. Input Data

To accommodate HM 5.0a’s evolution to modeling local telephone networks based on
actual clusters of customer locations, the input data used in HM 5.0a are much more
granular than the CBG input data used in HM 4.0 and earlier. Flowcharts describing the
development processes used to prepare these input data for HM 5.0a are attached as
Appendix C to this document.

5.1. Line Type Counts by Study Area

Counts of access lines by type (i.e., residence, single line business, multiline business,
public telephone and specia access lines) for each distinct NECA Study Areafor
calendar year 1996 are developed from several data sources. These include:

ARMIS 43-08: 1996 data, released 10/01/97,
ARMIS 43-01: 1996 data, released 10/01/97,;
NECA USF Loopsfiling: 1996 data;

USTA report: 1995 data;

RUS report: 1995 data;

USF Data Request: 1993 data;

ARMIS-based line factors.

The rules by which the best of these data are selected are as follows.

a) When NECA Study Area name matches exactly ARMIS Company name,
populate line types directly from ARMIS data for business lines (43-08), single
line business lines (43-01), residence lines (43-08), specia access lines (43-08),
and public lines (43-08) data.

b) For remaining ARMIS Companies, determine counts of line types for NECA
Study Area name by applying ARMIS line type distributions to total reported
NECA USF Loops.

¢) For nonARMIS Companies, match NECA Study Area name to best available
data source (i.e., USTA, RUS or USF Data Request) for residence and business
line splits.

d) When no company-specific line type data exist, apply average ARMIS line type
distributions to reported NECA USF Loops for NECA Study Area name.

5.2. Wire Center List
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The source of the wire center information used in PNR’s National Access Line Model is
Bellcore’'s LERG database, dated August 1, 1997.% The portions of these LERG data
that are used in the HAI model are an extract of key data from the LERG called the
Specia LERG Extract Data (“SLED”) — which has been licensed from Bellcore by the
HAI model developers.

Certain switching entities (wire centers) in the SLED with Common Language L ocation
Identifier (“CLLI*”) codes not marked as end offices, hosts or remotes are then removed
from this wire center database. In addition, switching entities that are inactive, or owned
by wireless, long distance or competitive access providers are removed as well.

In afew instances, the SLED assigns wire centers to multiple local carriers. This may
result from switch collocation. Because the HAl Model requires wire center entries to be
unique, such wire centers are assigned to the local carrier having the greatest number of
active NPA-NXX codes. If active NPA-NXX codes are equal among companies,
assignment is to the carrier having the greatest number of residential lines.

Multiple occurrences of 8-character CLLIs may aso occur in the SLED due to
placements of several switches at a single wire center location. Because the HAl Model
itself engineers multiple switches in a wire center if demand requires it, duplicate
occurrences of 8-character CLLIs are removed from the model’ s wire center list.

5.3. Customer Counts by Census Block and Wire Center

Customer locations must be associated both with CBs, as well as their serving wire center
(“WC”). The PNR Nationa AccessLine Model, Version 2.0 (“NALM”) performs both
of thesetasks. The PNR NALM uses PNR survey information, Bellcore's LERG, BLR
wire center boundaries, Dun & Bradstreet’s (“D&B”) business database, Metromail’s
household database, Claritas' 1996 demographic database, and U.S. Census estimates to
calculate both the number of residential and business locations and access lines in each
CB, and in each wire center in the United States. This summary describes the
methodology, data and assumptions used in developing these location and line estimates
in the NALM.

5.3.1. Residence Counts
Residential customer location counts are developed by applying the following process.

a) The Metromail household database (described in section 5.4.1, below) is
geocoded to the “point” level.?* In addition to recording the precise six-decimal
place latitude and longitude of this household, the CB associated with its location

%3 These LERG data are augmented by data from NECA Tariff 4.

24 As described in more detail in Section 5.4.3, below, geocoding to the “point” level means that the
geocoding software has both found the housing unit’s addressin itslocation files and determined alatitude
and longitude for the location down to six decimal places of a degree.
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is recorded as well. Duplicate household information is identified and eliminated.
If two records appear with an identical latitude, longitude and phone number, one
of the two records is eliminated.

b) Implied residential household counts are evaluated by comparing Metromail
counts to Claritas' 1996 CBG-level projections of households with telephones.
When Metromail households exceed Claritas households, Metromail households
are used. When Claritas households exceed Metromail households, Claritas
households are used, and the total differences are distributed to the constituent
CBsin proportion to 1990 U.S. Census household distributions.

c) Access line counts are determined from household counts using probabilities, that
is, how likely is it that a household will have afirst or second telephone line
installed? First line probabilities are provided by Claritas based on demographic
age and income profiles by CBG. Second line probabilities are based on alogistic
regression using similar demographic informationand developed by PNR using
its ReQuest® 111 residential survey. Multiplicative probability factors are applied
to the household counts defined above to derive residentia line counts.

d) The above derived residential line counts by CB are then normalized to sum to
Study ,ZAsrea wide data on total residential line counts developed in Section 5.1,
above.

€) Thislines normalization factor is applied to the residential customer location
countsin each CB, as well.

The implications of the forgoing process are as follows. Because the primary source of
residential location counts is Metromail — which includes all residences that receive direct
mail regardless of whether they have telephones or not — the universe of “populated” CBs
that the data process captures may include CBs where telephone service is not currently
offered or accepted. Thus, the “breadth” of the telephone network that these data will
instruct the HM 5.0ato construct is likely greater than the embedded networks of the
ILECs. However, because the counts of lines and locations in each CB are normalized to
sum to given Study Areawide totals, the “depth” of the constructed network will be
consistent with current levels of actual telephone demand.?®

5.3.2. Business Counts

%5 |f comprehensive LEC data on residential line counts by individual wire center are available,
normalization can be done at the individual wire center level.

26 |n addition, note that these primary source residential location counts derive from precisely geocoded
1997 Metromail data. Thus, these data provide 1997 information on location counts at the CB level. Asa
result, the model’ sreliance on noncurrent or nonCB-specific location data (e.g., Claritas 1996 CBG-level
projections, 1990 U.S. Census CB counts, or 1995 U.S. Census Update county-level projections) is limited
to those locations that show up in such countsthat are in excess of the Metromail counts.
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Business location counts are developed by applying the following process.

a) The D&B nationa business database (described in Section 5.4.2, below) is
geocoded to the “point” level. In addition to recording the precise six-decimal
place latitude and longitude of this business, the CB associated with its location is
recorded as well.

b) From the D&B national database, the total number of business lines, as well the
probabilities of these lines being single line business lines and multiline business
lines such as Centrex and PBX lines are developed. Thismodel is based on an
800,000 firm sample.

c) Because the D& B national business database contains records for only about 11
million out an estimated total of 12 million U.S. businesses, and because the
businesses that it misses are almost certainly small businesses, an additional 1
million nonD& B business locations are added to CB counts in proportion to D& B
businesses located in the CB. The lines associated with these added business
locations are projected by PNR based on an assumption that they employ, on
average, between 1 and 4 employees, each. ?’

d) The above derived business line counts by CB are then normalized to sum to
Study Area wide data on total business line counts developed in section 2.1,
above.®®

5.3.3. Location and Line Counts by Wire Center

HM 5.0a uses WC boundaries provided by BLR as its primary source to define wire
center service areas. These boundaries conform to CB boundaries, and customer
locations contained within all of the CBs associated with a WC are then assumed to be
served by that WC. Telephone number information (NPA-NXX) continues to be used for
backup and data scrubbing purposes when anomalies arise in the BLR geographical
assignment process — as can occur if one wire center’s boundaries fall completely within
another wire center’s boundaries.

5.4. Customer Location

The customer location approach used in HM 5.0a is fundamentally different from that of
HM 4.0 — or any other approach that uses arbitrary geographic delineators such as CBs,
CBGs or latitude and longitude grid cells. Because HM 5.0a' s approach identifies the
actual locations (accurate to within 50 feet) of most telephone customers, it produces the

%" To the extent that the D& B database contains firms that are not locatable to the CB-level, these firms are
assumed to be distributed across CBsin proportion to located firmswithin D&B. Their line counts are
calculated based on the company characteristics (e.g., employees, SIC) that they report to D&B.

28 Again, if comprehensive LEC data on business line counts by individual wire center are available,
normalization can be done at the individual wire center level.
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most sophisticated demographic data set of itstype. The process first develops a
database of about 109 million customer address records. These addresses are then
geocoded (assigned latitude and longitude coordinates). These locations are then divided
among wire center serving areas based on geocoded customer location and the BLR wire
center boundaries.

5.4.1. Residence Location Data

Data for residence locations are provided by Metromail, Inc. The Metromail National
Consumer Database® (“NCDB") is alarge, nationally compiled file of U.S. household-
level consumer information that includes both deliverable postal addresses (and telephone
numbers, when available). The file consists of close to 100 million records —which
constitute over 90% of all residential housing locations that the U.S. Bureau of the
Census reported for 1995.2°

To ensure that the data captured are the most current available, thisfile is updated 65
times per year, and undergoes numerous “hygiene’” measures to ensure its continued high
quality for direct marketing purposes. Such purposes require the data to reflect postal
address standardization practices, incorporate National Change of Address (“NCOA”™)
processing, and permit postal geocoding to street address, ZIP+4 or Carrier Route levels.

Thefileis compiled primarily from telephone white pages directory data, but also utilizes
many other primary sources of information, such as household mover records, voter
registration data, motor vehicle registration information, mail-order respondent records,
realty data, and home sales and mortgage transaction information, to build alarge
repository of verified household-level data.

5.4.2. Business Location Data

Dun & Bradstreet collects information on more than 11 million business establishments
nationwide. Information is gathered from numerous sources such as business principals,
public records, industry trade tapes, associations, directories, government records, news
sources, trade organizations, and financial institutions. This information is validated each
night. Additionally, D&B conducts millions of annua management interviews to help
improve the timeliness and accuracy of its information.

The information is organized by D-U-N-S number, a nine digit identification sequence
which allows for the placement of companies within larger business entities according to
corporate structures and financia relationships. A D&B family tree may be used to relate
separate operating companies to each other, and to their ultimate parent company. D&B
also provides “demographic” information on each of the firmsin its database. Such
information includes counts of employees and the SIC code of the esablishment.

29 This number is also very close to the 101 million households that the FCC findsin 1996, and exceeds the
95 million households that the FCC reports had telephonesin that year. See, Trendsin Telephone Service,
FCC Common Carrier Bureau, Industry Analysis Division, March 1997, Table 1.

HAI Consulting, Inc. 28



HAI Model Release 5.0a

5.4.3. Geocoding

Geocoding is used in order to most accurately assign known customer locations to actual,
physical locations. Geocoding is also known as location coding. It involves the
assignment of latitude and longitude coordinates to actual street addresses. Geocoding
software is sophisticated enough to provide information regarding the source and
precision of the lat/long coordinates selected. This precision indicator allows PNR to
select only those addresses that have been geocoded to a highly precise point location.
Geocoding aso alows customer location points to be assigned less granularly to the
CBG levdl, or higher. Almost uniformly, geographical address |locations are derived
from enhanced versions of the USGS' TIGER database.

To perform its geocoding, PNR uses a program by Qualitative Marketing Software called
Centrusd Desktop. The enhanced data behind Centrusis provided by GDT. Premium
GDT data are updated bi- monthly to ensure accuracy. These data integrate new
information from US Postal Service (“USPS’) databases and private sources so that new
streets and additions and changes to ZIP codes, street names, and address ranges are
included as soon as possible.

Centrusd Desktop allows geocoding on two levels. Thefirst isamatch to the actual
address -- which is the only type of geocoding used in HM 5.0a customer location. The
second is a match to a ZIP code (ZIP, ZIP+4, ZIP+2) level. Because of the lesser
accuracy in the second method, these geocodes are not used in PNR'’s process of
assigning customer locations.

Within the geocode process, there are a number of options available to the user. Each of
these options determine the quality of the matches allowed in the end- use geocode. For
purposes of customer location, addresses are aways matched to the “ Close” setting.
“Close” alows for minor misspellings in addition to incorrect or missing directionals
(North, East, etc.) or street types (street, road, etc.). Although ZIP-based geocodes are
generally accurate enough for most applications, they are not considered good enough for
actual customer locations and are not used to develop and locate customer clustersin HM
5.0a

Data hierarchy in address geocoding starts with the State. The hierarchy continues with
City, Street Name, Street Block, and finally, House Range. Typically, a Street Block is
the same as an actual physical block but it can also represent a partial block aswell. The
House Range displays address information from the USPS. Additionally, where there are
gaps in the actual address range, the House range will account for these gaps.

Initialy, the address coding module in Centrusd Desktop compares the street addresses
from the input file to the records contained in the USPS ZIP+4 directory and the
enhanced street network files. If the address is located in the USPS files, the address is
standardized and a ZIP+4 is aso returned. If this addressis also found in the street
network files, Centrusd Desktop determines a latitude and longitude for the location.
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Optionally, if the address is not found in the street network files, location information
may be applied from the ZIP level.*°

Location codes generated by Centrusa Desktop indicate the accuracy of the geocode.
For purposes of customer location clustering inthe HM 5.0a only those geocodes
assigned at the 6-decimal place point location made directly to the street segment are
used.®*

While the software and data used allow for a much more comprehensive output of data
elements, for use in HM 5.0a customer location, the following addressing elements are
extracted:

Address

City

State

ZIP

ZIP+4
Latitude
Longitude
Census Block
Match Code
Location Code

5.4.4. Gross-up

The above-derived precisely geocoded locations are then counted by CB. These
geocoded location counts by CB are then compared to target total line counts for that CB
derived by the PNR NALM (as described in section 2.3, above). If the geocoded location
counts are less than the target count, the residual number of customer location pointsis
then computed, and geographical locations for these points are generated. This processis
performed by PNR using TIGER file CB boundaries. Each of the additional number of
customer location points that a CB requires to total to its target count is generated and
assigned a geocode so as to place these “surrogate” points uniformly along the CB’s
boundary. While these boundary-assumed locations for the gross- up or surrogate points
are plausible — because most CBs are bounded by roads — thisis also a conservative
placement of the gross- up points because it assumes they are maximally separated from
one another.

30 Note that ZIP+4 codes may be very precise. In general, they are specific to the face of single city block.
While it may turn out that accuracy to the street block faceis quite sufficient for accurate cost modeling of
local telephone networks, in the interest of conservatism, these type of geocodes are not presently used in
HM 5.0a data.

31 Furthermore, placement of the address along the street segment is quite precise. The Centrus geocoding
software and reference data al so make use of USPS determinations of whether the segment contains a
continuous or discontinuous range of address numbers. Thus, if the addresses on a block face run from 200
to 250 and 274 to 298 (with the range between 252 and 272 missing), an address of 250 will be geocoded, it
will not simple be geocoded as at midblock.
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As aresult of this gross up process, the customer location file now contains records for
each of the U.S.’s more than 100 million customer locations with a geocode (either
calculated precisely or through the gross up process) associated with it.

5.5. Customer Location Clustering

5.5.1. General Criteria

The input development process next identifies all customer locations within a wire
center’ s boundaries that are close enough together to be efficiently engineered as asingle
telephone plant serving area. This processis called clustering. While there are many
available off-the-shelf clustering algorithms, efficient determination clusters of customer
locations that are consistent with telephone engineering practices requires that certain
engineering restrictions be imposed during the clustering process, and not afterward.
Customer locations must meet the following criteria to be considered members of a
particular cluster.

No point in a cluster may be more than 18,000 feet distant (based on right angle
routing) from the cluster’s centroid.

No cluster of nondegenerate area may exceed 1800 lines in size.®?

No point in a cluster may be farther than two miles from its nearest neighbor in
the cluster.

Note that other than for the wire center boundary restriction, these criteria do not include
any arbitrary geographic restrictions, such as clusters being restricted to lie within a
single CBG, CB, or latitude/longitude grid cell. Thus, clustersdevel oped pursuant to this
process are likely to be the most closely representative of actual telephone distribution
areas as determined by outside plant engineers. Note, however, that the last of these
restrictions — no point in a cluster may be farther than 2 miles from its nearest neighbor —
is not an absolute engineering limitation. It is used to ensure that customer locations that
are separated by the given distance are not required to be clustered together. It is possible
that efficient engineering of telephone distribution plant would suggest that a different,
possibly larger value be chosen.

32 Thisrestriction is based on the maximum unconcentrated lines capacity of an OC-3 fiber optic
transmission system used to feed a DL C remote terminal (adjusted for a 90% rate of fill). Thisis consistent
with current HM 5.0a practice that providesa separate channel for each line served by aDL C system.
Because it is reasonabl e engineering practice to concentrate traffic on these large fiber optic DLC systems,
future versions of the model may assume that traffic is concentrated on the fiber optic systemsfeeding DLC
remote terminals. When such revisionsto the HM become available, the customer location datawill be
reclustered with the appropriately enlarged maximum limit on cluster size. In all events, if single customer
locations, such as alarge office or apartment building, by themselves exceed 1800 lines, such clusters are
not split. Rather, multiple DLC RTs/SAlswill be placed to serve such “oversized” clusters.

33 Testing of different parameterizations for the maximum distance to a cluster point’s nearest neighbor
suggests that 2 milesis areasonable national value.
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5.5.2. Clustering Algorithm
The process used by the PNR clustering algorithm is as follows.

a) First, to provide a uniform geographic unit for clustering operations, all customer
location geocodes associated with a particular wire center are “rasterized” into
150 foot cells that overlay the geographic rectangle covering the wire center’s
service area.

b) The agorithm then inspects all neighboring cells (e.g., al cells that have their
center within a 150 foot radius of the center of the initia cell) to seeif any are
populated with customer locations. If one of these neighboring raster cellsis
populated, the algorithm first checks to see whether clustering that cell (and its
immediately surrounding neighbors) with the initial cell would violate any of the
clustering restrictions (i.e., create a cluster that has points more than 18,000 feet
from the cluster centroid, create a cluster of more than 1800 lines, or include a
point more than 2 miles from its nearest neighbor).® If none of these conditions
would be violated, the adjoining cell plus its immediate neighbors will be added
to the initial cell’s cluster

¢) This process continues on to the next unclustered populated cell and performs the
analysis described in step (b), above. This repeats until no more unclustered cells
exist.

d) The process then restarts at step (b), but uses a 300 foot search for populated
neighboring cells.

€) Thiscontinua enlargement of the search for neighboring populated cells
continues on until no more cells can be added to the cluster without violating one
or more of the engineering requirements. At this point, the algorithm is complete.

Clusters that contain five or more customer locations are classified as “main” clusters.
Clusters that contain from one to four customer locations are called “outlier” clusters.
Outlier clusters may be linked to their “home” main cluster via*“chains’ that string
together other outlier clusters that home on the same main cluster. The process of
determining the routing of the chain is as follows.

34 Rasterization at this level is aprocess whereby all customer locations that are within the 150 foot square
cell are counted as being placed at the center of the cell. Rasterization to 150 foot square cells ensures that
the mathematical clustering process can proceed efficiently, and that nonmeaningful distinctionsin
customer location areignored. Increasing the raster to 300 or 500 feet would speed up the clustering
process dramatically, and still provide a very acceptable level of precision in cluster formation. Note, too,
that the PNR calculation of 150 foot raster cellsis precise — based on the local latitude of the cell. Thus,
raster cells do not enlarge as one moves south toward the equator.

35 Because the rasterization into 150 foot square cells may cause customer locations that actually arein the
farthest corner of acell to be considered at the cell’ s center, the clustering algorithm will actually check to
ensure that no cells added to a cluster exceed 17,700 (= 18,000 - 2* 150) feet from the cluster’s centroid.
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a) The clustering algorithm first calculates the distance between each cluster and
every other cluster in the wire center service area.

b) The algorithm then determines the shortest distance between any two clusters, and
associates these two clusters together.

c) Next, the algorithm determines the next shortest distance between any two
clusters or cluster chains, and associates these together.

d) This process continues until al outliers are chained to amain cluster.

In addition to creating chains to associate outlier clusters to amain cluster; the clustering
algorithm calculates the centroid location, “aspect ratio” and area of the rectangle that
overlays the convex hull of each cluster; and that has the same centroid location, aspect
ratio and area as this convex hull.*

When this process is completed, the main cluster and its subtending outliers are
considered to constitute one serving area.

The description the HM 5.0a Distribution Module in Section 6.3 provides greater detall
on the model’ s engineering of outside plant to serve main and outlier clusters.

5.6. PointCode Translation Processes

PointCode is a Microsoft Access ‘97 database process that translates between coordinate
systems, computes distances and assigns additional characteristics to cluster records.
Among the activities executed by PointCode are the following.

Convert the latitude and longitude coordinates provided by PNR for cluster centroids to
V&H coordinates. Ensure that modeled distribution rectangles have an aspect ratio and
area that reflects a minimum dimension equal to twice the default drop length for that
lines density range. Calculate radial distances between main clusters and their serving
wire center. Calculate radial distances between outlier clusters and main clusters.

Compute omega angles between main feeders and the clusters they serve and compute
alpha angles between clusters and their subfeeders. Calculate rectilinear (right angle)
distances between main clusters and their serving wire center, and between outlier
clusters and main clusters.

On the basis of the characteristics of the covering CBG, assign terrain and lines density
zone characteristics to the cluster.

38 The convex hull of the cluster is the convex polygon that has asits boundary the outermost points of the
cluster —assuch, it coversall of the points in the cluster. The aspect ratio isthe ratio of the North-South
length to the East-West |ength of the convex hull of the cluster.
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6.

6.1.

Module Descriptions

Input Data Files

6.1.1. Demographic and Geological Parameters

Demographic and geological parameters are obtained from a database devel oped by PNR
and Associates of Jenkintown, PA. Section 5, above, explainsin detail how these data
are developed. The data file resulting from these processes is organized by state and
telephone company (study area). Each customer location cluster (both main and ouitlier)
identified in the wire center service areas of the LEC modeled appears as a separate
record in this Microsoft Access 97 database. Each of these cluster records contains the
following information:

Identity of the LEC and wire center serving the cluster;

Locationa information about the cluster relative to its wire center, the
predominant CBG in which it falls, its nearest neighboring cluster and associated
distances;

Area and dimensional measurements of the cluster and its lines density;
Terrain and geological parameters,

Number of telephone lines by type;

Number of households and number and type of housing units;

Number of business firms and employees;

Information about the fraction of awire center’ s total lines are represented by this
cluster, the average loop distribution distance of its subtending outlier clusters and
total number of outlier lines.

The complete list of data fieldsin the Cluster Input data table is as follows:
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Cluster Input Data Table
State Total Area 1-HU detach
CLLI Aspect Ratio 1-HU attach
Company Company State HU-2
Neca_ID Density Lines/SQ Mile HU-4
Group Rock Depth HU-5-9
CBG Rock Hard HU-10-19
Cluster Group Surf Text HU-20-49
Overall Quad Water Depth HU-50+
Overall Omega Total Lines Mobile
Overall Alpha Total Bus Lines Other
Radial Dist Feet Total Res Lines Firms
Cluster or Outlier Check Special Lines Employees
Outlier Quad Public Lines FracWCLine
Outlier Omega Single Line Business AvgLoopDist
Outlier Alpha Households TotOutLine
Outlier Radial Distance

6.1.2. Wire Center Locations and Interoffice Distances

Calculations to determine total route- miles of interoffice facilities require as inputs
severa distance measures. These include the distances between each LEC EO and the
tandem switch that is assumed to serve it, the distance between the EO and the STP pair
that serves it, distances between STPs, distances between tandem offices, and the V&H
(vertical and horizontal) coordinates of each switching entity. These data are calculated
from a database licensed from Bellcore, referred to as the Special LERG Extract Data
(“SLED”) file which contains information from the Local Exchange Routing Guide
(“LERG"). The SLED includesthe V&H coordinates of each switching entity, and the
nature of the entity, e.g., end office, tandem, STP, multiple use, etc. Appendix D
provides an outline of the process used to develop these distance measures.

6.1.3. ARMIS Data

These data are obtained from the 1996 ARMIS 43-08 Operating Data Reports. ARMIS
data are submitted to the FCC annually by all Tier 1 LECs.*” The following elements of
these data are extracted.

37 See, Reporting Requirements for Certain Class A and Tier 1 Telephone Companies (Parts 31, 43, 67 and
69 of the FCC’'s Rules), CC Docket No. 86-182, 2 FCC Rcd 5770 (1987) (ARMIS Order), modified on
recon., 3 FCC Rcd, 6375 (1988). Tier 1 LECs are those with more than $100 million in annual revenues
from regulated services. Thisincludes over 50 carriers.
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The number of residential access lines, including all residential switched access
lines, including those with flat rate (1FR) and measured rate (IMR) service.

The number of business access lines, including analog single business lines,
analog multi-line business lines and digital business lines; these totals include flat
rate business (1FB) and measured rate business (IMB) single lines, PBX trunks,
Centrex lines, hotel/motel, long distance trunks and multi-line semi-public lines.®®

Analog and digital specia access lines, including dedicated lines connecting end
users premisesto an IXC POP, but do not include intraLATA private lines.

Public access lines, which include lines associated with coin (public and semi-
public) phones, but exclude customer owned pay telephone lines.

For companies that do not report ARMIS, HM 5.0a makes use of data reported in various
sources listed earlier in Section 5.1.

6.1.4. User Inputs

This category comprises over 1400 user-definable values. These range from the price of
network components, to the percentage of joint-use end offices and tandem offices to
capital structure. HAI has supplied default values for each of these variables based on its
collective judgment, as augmented by subject matter experts in various areas of network
technology, operations and economics. Users can vary these default parameters to reflect
unusual local conditions. Appendix B contains a complete description of these variables,
along with the default values that have been assigned to them.

6.2. Outside Plant Engineering

The Distribution and Feeder Modules are the main modules controlling the engineering
of outside plant. While Sections 6.3 and 6.4 below discuss the unique aspects of each of
these modules, this section describes severa features and assumptions common to both
modules.

Figure 5 shows the basic outside plant serving configuration used by HM 5.0a.

38 d. at 1-2.

¥d. at 2.
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Note that clusters
may be rectangular, DLC or SAl (always
rather than square located within a cluster)

¥ 5

Subfeeder

Feeder Cluster

Outliers connected to cluster via
branching rectilinear cables, with
each outlier connected to its nearest
Wire Center neighbor

Figure5 L oop Outside Plant Configuration

The Model assumes amain cluster and its subtending outlier clusters constitute a serving
area. Main feeder cable (that may be shared with other main clusters) and subfeeder
cable extend from the wire center to the centroid of the main cluster. If the main and
subfeeder cable are copper, the subfeeder cable terminates in an SAIl. If the feeder and
subfeeder are fiber, the subfeeder either terminates at asingle DLC RT and adjacent SAI
located at the centroid of the main cluster, or extends via fiber “connecting cables’ from
the centroid to two or more DLC RTs and adjacent SAls located within the cluster so as
to ensure no copper distribution cable length exceeds the user-adjustable maximum
analog copper distance. The choice between copper and fiber main feeder and subfeeder
is made according to the criteria discussed in Section 6.3.5, below. In all cases, analog
copper distribution cables extend from the SAI(S) to their subtending customer locations
within the main cluster in a backbone and branch fashion. The data process used to
locate customers and identify population clusters also determines the “aspect ratio” of the
overlying rectangle that defines the boundary of a main cluster, and isused in
determining the location of the fiber DLC RTs and layout of the backbone and branch
distribution arrangement.

From the centroid of amain cluster, copper cables extend to each outlier cluster that is
served from that main cluster, with each outlier cluster connected to its nearest neighbor
(either the main cluster or another outlier cluster), via aright-angle route. These copper
cables terminate either at an SAl or T1 remote terminal at the centroid of the outlier
cluster — depending on whether the distance the signal needs to be carried falls short of,
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or exceeds, a user-adjustable 18,000 foot threshold. Subscribersin outlier clusters are
assumed to be located on routes within the oulier cluster that may be distinct from the
route traveled by the cable feeding the outlier’s SAl or T1 remote terminal from the main
cluster. Because of this, a separate analog copper distribution cable is run from the
centroid of the outlier to individual customer locations. The model does, however,
assume a moderate amount of structure sharing between these two cables within the
outlier cluster because of the partial coincidence of their routes.

6.2.1. Outside Plant Structures

Outside plant structure refers to the set of facilities that support, house, guide, or
otherwise protect distribution and feeder cable. There are three types of structure: aerial,
buried and underground.

1) Aerial Sructure

Aerial structure typically consists of poles.*° Pole investment is a function of the
material and labor costs of placing apole. A user-adjustable input allows the
customization of the labor component of pole investment to local conditions. HM
5.0a computes the total investment in aerial distribution and feeder structure
within a CBG by evauating relevant parameters, including the distance between
poles, the investment in the pole itself, the total cable sheath mileage, and the
fraction of aerial structure along the route.

The model assumes forty-foot Class 4 poles. The spacing between poles for aerial
cable is fixed within a given density range but may vary between density ranges.
The number of poles on agiven route is calculated as:

1 + (route distance/pole spacing), rounded up.
2) Buried Sructure

Buried structure consists of trenches and related protection against water and
other intrusions. The additional cost for protective sheathing and waterproof
filling of buried cable is afixed amount per foot in the case of fiber cableandisa
multiplier of cable cost in the case of copper cable.** The total investment in
buried structure is a function of total route mileage, the fraction of buried
structure, investment in protective sheathing and filling, and the density-range-
specific cost of trenching.

“0'1n the two highest density zones, most aerial structure is assumed to be intrabuilding riser cable and
“block cable” attached to buildings.

1 The default values for sheathing are $0.20 per foot for fiber, and amultiplier of 1.04 for copper. The
different treatment reflects the fact that the outside diameter of fiber cable is essentially constant for
different strand numbers, while copper cable diameter increases with the number of pairsit contains.
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3) Underground Structure

Underground structure consists of conduit and, for feeder plant, manholes and
pullboxes. Manholes are used in conjunction with copper cable routes; pullboxes
are used on routes that are served exclusively by fiber cable. The total investment
in a manhole varies by density zone and includes materias, frame and cover,
excavation, backfill, and site delivery. Investment in fiber pullboxesis afunction
of materials and labor. Underground cables are housed in conduit facilities that
extend between manholes or pullboxes. The total investment in underground
structure is a function of total route mileage, the fraction of underground
structure, investment in conduit manholes, and pullboxes, and the cost of
trenching needed to hold the conduit.

In each line density range, there may be a mixture of aerial, buried and
underground structure. For example, in downtown urban areas, it is frequently
necessary to install cable in underground conduit systems, while rural areas may
consist amost exclusively of aerial or direct-buried plant. Suburban areas may
have a more balanced mixture of al three structure types. Also, as described
more completely in Section 6.2.5, below, the HM 5.0a permits certain amounts of
substitution between buried and aerial structure based on abnormal local cost
conditions.

Users can adjust the mix of aerial, underground and buried cable assumed within
the model. These settings may be specified by density zone for fiber feeder,
copper feeder, and copper distribution cables. Appendix B includes detailed lists
of the HAI Model structure default values for aerial, buried and underground
plant.

6.2.2. Terrain and Its Impact on Placement Costs

HM 5.0a incorporates the effects of geological factors on required structure investment.
Terrain factors considered by the model include bedrock depth, rock hardness, surface
soil type, and water depth. Each serving areais assumed to have the terrain
characteristics of the CBG in which it predominately falls.*?

If the rock depth in a serving area is less than a user-definable rock depth threshold, a
rocky placement multiplier increases structure investment in poles, conduit placement,
and trenching, because it is more difficult to bury cable in rock than in soil. *® If bedrock

2 Main clusters and their subtending subclusters are not restricted to fall entirely within asingle CBG.
Such arestriction would impose an artificial limitation on the “natural” serving areas being identified by
the Model. Asaresult, the predominant CBG must be used to determine the terrain characteristics. If
appropriately digitally-encoded terrain data become available, a more precise determination of the terrain
characteristics of serving areas crossing several CBGs could be made.

43 The HAI Model default maximum values for geological factors are as follows: rock depth threshold
causing increased trenching cost, 24 inches; hard rock placement multiplier, 3.5; and soft rock placement
multiplier, 2.0.
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does not exist within the placement depth, then the surface soil texture is examined to
determine if soil can be plowed, or if more expensive placement techniques must be used.
The model causes the rock placement multiplier to vary with rock depth; the entire
multiplier applies if the rock depth is zero, and the value tapers linearly to unity at the
user-defined placement depth.

Certain kinds of surface textures may increase the cost of structure. When these are
encountered, the model extracts a multiplier from alookup table in the distribution
modul e inputs worksheet, and applies it to the structure investment as determined by the
density zone. If both difficult soil conditions and rocky conditions are encountered, the
model will multiply the structure investment by the sum of the rock placement and
surface texture multipliers minus one.**

Water table depth does not have a significant effect on trenching costs, but may affect the
cost of placing manholes. The model increases manhole placement costs by a user-
adjustable amount (default value of 20%) of the nominal placement cost whenever the
water table depth is less than a user-adjustable minimum depth whose default value is
five fedt.

Labor costs for placement may be adjusted for regional variation by the application of a
user-entered labor adjustment factor.

6.2.3. Structure Sharing

Outside plant structures are generally shared by LECs, CATV operators, electric utilities,
and others including competitive access providers (*CAPs’) and IXCs. To the extent that
severa utilities may place cables in common trenches, or on common poles, it is
appropriate to share the costs of these structure items among these users. Furthermore,
manholes may be shared by al low voltage utilities aswell. The HAl model assumes
sharing of structure costs among the various utilities that occupy the structure. Although
assumptions concerning the degree of sharing are user-adjustable; the default values used
in the HAl Mode reflect best forward-looking, economic practices for the various
utilities involved.

6.2.4. Lines Density Considerations

A number of parameters, such as the fill factors for distribution and feeder copper cable
and the mixture of underground, buried, and aerial plant, are dependent on line density of
the serving area. The line density is defined as the total number of subscriber access lines
per square mile. While entire serving areas are associated with a given density zone for
purposes of accumulating density zone results, HM 5.0a makes a separate density zone
determination for the main cluster and the outlier clusters, based on the CBG to which
each belongs, when it is selecting which density-zone-dependent factorsto usein a

44 Section 6.2.5, below, indicates how the Model automatically will adjust the fractionsof buried and aerial
structure to reflect economic choices based on abnormal local cost conditions for these structure types.
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caculation. In HM 5.0a, asin HM 4.0, line density is broken down into nine different
density ranges.

Density Ranges
(lines/sq. mile)
0-5
5-100
100 - 200
200 - 650
650 - 850
850 - 2550
2550 - 5000
5000 - 10,000
10,000 +

6.2.5. Economic Adjustment of Structure Fractions

The HM 5.0a Distribution and Feeder modules automatically adjust buried and aerial
structure fractions to account for the plant placement costs occasioned by local soil and
bedrock conditions. The user specifies nominal buried and aeria fractions, aong with an
“at risk” portion of the buried cable fraction that unfavorable cost conditions can cause to
be shifted to aerial. The model calculates the local relative costs of buried and aerial
structure -- including both the additional placement costs arising from local terrain
conditions as well as the life-cycle maintenance and capital carrying costs of the different
structure types.*® This local relative life-cycle cost of buried versus aerial structureis
then ratioed to the national norm for relative buried to aerial life-cycle cost. The model
then adjusts the aeria fraction up or down (and buried fraction in inverse fashion) from
its national default value by up to the full amount of “at risk” structure, depending on the
degree of difference in local versus national norm life-cycle costs.

A logistic curve is used to specify the sensitivity of structure choice to differencesin
relative cost. The “s-curve” shape of the logistic function suggests that initial
divergences of local relative structure costs from “normal” relative structure costs cause

“S This calculation of the relative life-cycle costs of plant placed on various different structuresis computed
asfollows. First, per-foot materials' investment costs are calculated, and added to the per-foot investment
cost of the particular structure type — adjusted for the assumed amounts of inter-utility structure sharing that
apply to the particular structure type. Second, annual charge factors are developed for capital carrying
costs and maintenance costs. These factors are developed within the “L CFactors” and “ CCCFactor” sheets
of the Distribution Module using the same methodol ogies described in Sections 6.6.2 (for capital carrying
costs) and 6.6.3.1 (for network maintenance costs) documenting the HM 5.0 Expense Modules. Finally, the
plant net investment cost is multiplied by the sum of the annual capital carrying cost and maintenance cost
factors, to yield the relevant annua life-cycle per-foot cost of the particular type of plant.

HAI Consulting, Inc. 41



HAI Model Release 5.0a

more structure to be shifted across types than do further increases in this divergence. The
user-adjustable default fraction of buried structure that is “at risk” to be converted to
aeria structure based on adverse local life-cycle costsis 75 percent.

6.3. Distribution Module

6.3.1. Treatment of Main Clusters

HM 5.0a lays distribution plant directly over the rectangular areas where customer
clusters are located. This plant extends from the SAI location (or locations) to the
customer premisesin the cluster. The basic distribution configuration employed by HM
5.0afor the main clustersisa*“grid” topology, in which tapering backbone cables run
north and south from the SAI(s), while branch cables extend east and west from the
backbone cables past the individual subscriber locations.*® The backbone cables
terminate one lot depth inside the north and south boundaries of the rectangle. The branch
cables run to within one lot width of the east and west sides of the rectangle.

The Module performs atest to ensure that the longest combined backbone and
distribution cable run does not exceed a user-adjustable maximum copper distance whose
default value is 18,000 feet. If the maximum distance would otherwise be exceeded, the
model will extend fiber subfeeder *connecting cables’ from the centroid of the cluster to
two or more DLC RTs (and adjacent SAls) positioned to ensure the maximum distance is
not exceeded. The number of RT/SAI locations is determined by separately checking
that the backbone and branch cable lengths do not exceed a fraction of the maximum
distance calculated from the aspect ratio of the cluster shape, and splitting the cluster area
in either or both dimensions to create the necessary two or more subareas.

Main clusters with total areas less than 0.03 square miles and line densities greater than
30,000 lines per square mile are identified as consisting of high-rise buildings, and
accorded specia treatment appropriate for high rises.

This high-rise test identifies cases in which a serving area is very small, but its line
density is so high as to be incompatible with any explanation other than vertical
"stacking” of the customer locations. In such cases, the model assumes the distribution
cable required to serve the main cluster consists of riser cable inside the high rise
building, and that the SAI required for serviceis located in the basement of such a
building. The number of floors in the high rise buildings is estimated by dividing the
occupied building space by the area of the main cluster, reduced to account for streets and
sidewalks.*” The occupied building space in square feet is calculated as follows:

“® The coordinate system used in the HM 5.0ato denote “north,” “south,” “east” and “west” isthe Vertical
and Horizontal (V & H) system that is standard in the telephone industry. These coordinates are internally
consistent, but differ slightly from “true” north, south, east or west.

4" The reduction in main cluster areafor urban streets and sidewalks, expressed as a fraction; is user-
adjustable with a default value of 0.2.
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occupied space = 1,500 * # households + 200 * # employees.

For “regular” serving areas that do not meet the hight-rise test, the model computes the
plot size per customer location by dividing the effective area of the main cluster by the
number of customer locations in the main cluster, as stated above. The model assumes
that each customer plot is twice as deep as its frontage.

However, arefinement to this calculation is required to account for the fact that many
households occupy dwelling units that cannot be characterized as single family detached
homes. Likewise, structures occupied by business establishments may range from small
single-tenant stores on small lots to large, multi-floor buildings (high-rise buildings are
treated separately). A residence and a business methodology are adopted to represent
more realistically the actual situations that may occur.

For residences, the Census database supplied by PNR identifies the number of
households located in various types of buildings. HM 5.0a assumes that the space
occupied by residences other than single-family detached units is half that of detached
homes, and accordingly reduces the number of customer locations in calculating the
effective plot size of detached homes. This reduction represents more adequately the
space (including the actua living quarters, shared facilities, parking lots, and other area
around buildings) that households in multi-dwelling units occupy relative to a detached
single-family home. The reduction in effective customer locations is made before
calculating the lot size in the manner described above. The intent is to calculate the
effective lot size that detached homes would have in the main cluster, and lay out the
distribution cables accordingly. The model assumes the grid pattern of cables continues
throughout the areas where multi-tenant units are located; thus, there is no additional
efficiency associated with serving such premises.

The assumed reduction in effective households is conservative because the model
assumes multi-tenant units displace one-half of aregular-sized lot. Thus, the model will
consequently underestimate the effective lot size of detached homes becauseit is
counting too high a number of equivalent customer locations. This underestimate of
effective lot size causes more lots to be assumed, and more distribution plant to be
placed, than actually is necessary to serve this area.

6.3.2. Treatment of Outlier Clusters

Outlier clusters, each consisting of one or more customer locations, are served in HM
5.0a by the nearest main cluster. A main cluster and its subtending outlier clusters
together constitute a serving area.

Ouitliers are connected to the main cluster by copper road cables extending from the
centroid of the main cluster to the centroid of the outlier. A given outlier may be directly
connected to the main cluster, in which case it is labeled a “first order” outlier, or it may
be connected to another outlier which in turn is connected directly to the main cluster or
another outlier. Such connections are depicted in Figure 5. Outliers that are not directly
connected to the main cluster are considered to be “higher order” outliers.
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Fiber feeder is extended to any main cluster that has at least one outlier cluster. The road
cables to the first order outliers extend from the point at which the fiber feeder terminates
in the main cluster. If the right-angle route distance from the main cluster to the farthest
customer location in afirst order outlier is less than a user-adjustabl e distance parameter
whose default value is 18,000 feet, the road cable carries an ordinary analog voice signal,
and is called “subscriber road cable.” |If the farthest customer in an outlier is more than
the default distance from the main cluster, or the outlier is a higher order outlier, the cable
cariesadigital T1 format signal to aremote T1 terminal at the centroid of the outlier,

and is served by “T1 road cable.” From the T1 RT, copper cables carrying analog signals
extend the remainder of the way to the customer locations within the outlier.

A T1 road cable contains copper pairs, and supports T1 signals used to provide digital

connections between the fiber DL C remote terminals located at the centroid of the main
cluster and subsidiary remote T1 terminals located at the centroid of each outlier cluster.
The model assumes conventiona T1 transmission with a user-adjustable 32 dB repeater

spacing.

In HM 5.0a the cables serving subscribers from the remote terminals are assumed to be
different than those that carry the T1 signdls to the remote terminals. The totd
investment calculated for the T1 system includes the cost of the T1 interfaces in the main
cluster’s DLC remote terminal.

6.3.3. Customer Drop Arrangement

No matter whether a customer is located in a main cluster or outlier cluster, the
distribution arrangement at the customer’s premisesis similar. At a point close to the
customer's location, a splice and block terminal are installed to connect a drop cable
containing several wire pairs from the distribution cable to an aerial or buried drop to the
NID located on the wall of the premises.

6.3.4. Investment Cap to Reflect Potential Wireless Technologies

Asrequested in the FCC's FNPRM, the HM 5.0a permits the specification of a user-
adjustable cap on the model’ s relevant wireline investments to reflect potentialy more
economical wireless distribution technologies.*® In the HM 5.0athis cap, if invoked by
the user, isimplemented by placing a ceiling on the per-line investments computed in the
Distribution module (i.e., NID, drop, terminal and splice, distribution cable and structure,
SAl, and DLC RT) that would be replaced by the wireless system.*°

“8 1t is unclear whether such systems exist, whether their costs can be modeled accurately across all
demographic and terrain situations, and whether these systems can meet the FCC’ s criteriafor supported
universal service.

%91t is assumed that the cost of the remote terminal electronics for the fiber feeder facilities serving the
wireless radio sites would be included in the wirel ess system cost.
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The optional cap calculation considers the cost of two different wireless systens. a
“point-point” system serving customers on a one-one basis, and a “broadcast” system
serving a number of customers from a shared base station. The point-point cost is
assumed to be a fixed amount per line served; the broadcast system cost is structured as a
fixed base station cost serving up to a given maximum number of customers, with the
cost of the base station distributed among the number of customers that use it, plus a per-
line cost of the radio terminal equipment at each customers premises. Generaly, the
broadcast system is more expensive than the point-point system for afew linesin a
serving area, but less expensive if the system is loaded to a substantia portion of its
maximum capacity. The Model compares the cost of the two wireless systemsto each
other for a given serving area, then compares the cost of the lower-cost system to the
wireline cost. If the most economical wireless system’s cost is lower, the Model zeroes
out the cost of the wireline distribution components for that serving area, and substitutes
the cost of the wireless distribution system, while retaining the feeder portion of the
wireline network.

6.3.5. Determination of Feeder Technology

Because it must calculate al of the outside plant distances, to determine the kind of road
cable required, the Distribution Module also determines whether copper or fiber feeder
and subfeeder are utilized for a given serving area. If fiber feeder and subfeeder are used,
these extend from the wire center to the main cluster centroid. The subfeeder terminates
at one or more DLC RTs and adjacent SAls -- |located to ensure that the remaining
distribution cable lengths do not exceed the user-adjustable maximum anal og copper
length. In all cases, copper distribution cable is used to link SAlsto customer premises.
The decision whether to use fiber feeder depends on whether any of the following
conditions are met.

a) Thetotal feeder and subfeeder distance from the wire center to the main cluster
centroid is greater than the user-adjustable Copper Feeder Max Distance value,
whose default is 9,000 ft.

b) A life-cycle cost analysis of fiber versus copper feeder on the route shows that
fiber is more economical.>

c) Thelongest distribution cable run from the wire center to the farthest corner of a
main cluster is greater than a user-input maximum analog copper distance, whose
default value is 18,000 ft.

d) Thereisat least one outlier cluster subtending the main cluster.

e) The wireless investment cap isinvoked and leads to the conclusion that one of the
two wireless systems is the least-cost solution for the serving area.®*.

%0 Thelife-cycle costs of fiber versus copper feeder are computed using the same methodology, as
described earlier, to calculate the life-cycle costs of outside plant placements on different structure types.
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6.3.6. “Steering” Feeder Routes

In HM 5.0a the user may elect to have the Feeder Module “ steer” feeder routes toward
the preponderance of main clusters within a quadrant. The model computes an angular
offset from the cardinal default values of 0°, 90°, 180° or 270° by weighting each main
cluster’s angular offset coordinate by its radial distance from the wire center location, and
then determining the weighted average angular displacement. When feeder cable is
steered in this fashion, the Feeder Module also applies a route-to-airline (R/A) distance
multiplier. The value of this multiplier may be specified by the user within an alowed
range of R/A values. Subfeeder cables branch perpendicularly off the main feeder route
toward main clusters. This branching is perpendicular both when feeder routes go in the
cardinal compass point directions, as well as when the feeder is steered at an angular
offset from these cardina directions. Alternatively, the user may elect to “turn off”
feeder route steering and have the Module calculate feeder distances using “right angle
routing” in the four cardinal compass point directions -- as employed in HM 4.0.

6.3.7. Calculation of Distribution Investments

The model uses the customer location and cluster data, including cluster sizes and
locations, number of lines, and lines density; and applies these demographic and
architectural considerations to determine the total distribution distances involved. It then
estimates the investment in distribution cable, supporting structures, terminals and
splices, drops, NIDs, and SAls.

In calculating these investments, the model requires a number of data elements which are
provided to it through adjustable user inputs. These include cable sizing factors, the
amount of structure sharing with other utilities, the relative mix of aerial, buried, and
underground facilities, the unit material and installation costs of the various network
components, the demographic factors identified in Section 6.1 above, and factors relating
difficult terrain characteristics that may increase installation costs.

Appendix B defines each user input and the default value(s) for that input as set by the
model developers. The set of inputs pertinent to the distribution calculations are inputs
B1 through B45 (basic distribution and drop components), B58 through B69 (DLC
components), B180 (structure sharing), and B197 through B201 (excavation and restoral
activity frequency and costs), in Appendix B.

Three sets of the input parameters bear specid attention. The first is the set of cable
sizing factors appearing as item B18 in Appendix B. Sizing factors are intended to
provide reserve capacity above and beyond the lines requirement determined by the
model. If, for instance, a given cable segment must serve 75 lines and the sizing factor
set by the model is 0.50, then the target cable size determined by the model is 75/0.5, or
150. However, cables are available only in discrete sizes, as shown in ltem B9 in

51 When wirelessis used, it is assumed that a minimum of four fibers must be used to connect the radio
sites to the wire center.
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Appendix B. The model selects the cable size at or most closely above the minimum size
calculated. In this example, this corresponds to a 200 pair cable. Thus, the achieved fill
is 75/200, or 0.375. Generaly, the average achieved distribution fill is significantly less
than isindicated by the raw cable sizing factors shown in Item B18. The Mode outputs
display this average actually achieved fill both at the SAI and at the MDF.

Second, as discussed earlier, the HAI Model assumes that forward-looking practicesof
efficient telephone companies and other utilities will involve substantial structure
sharing. The default levels of structure sharing assumed in HM 5.0a, stated as the
percentage of total structure costs assigned to the telephone company, are shown inltem
B180 of Appendix B. In HM 5.0a the amount of structure sharing depends both on the
type of structure -- poles and trenching -- and the density zone. HM 5.0a assumes,
conservatively, that there is no sharing of conduit in underground installations.

Finally, HM 5.0a offers an optional cap on distribution investment as discussed, above.
This cap, enabled by Parameter B41, compares the total per-line wireline distribution
costs for al distribution components to the cost of two types of wireless systems. One
system’s per-line cost is expressed by B42; the other system’s cost is parameterized by a
base station cost, B43, maximum customers served by a base station, B45, and per-line
radio system equipment cost, B44.

6.3.8. Calculation of SAl and DLC Investments

The SAl in each serving area provides an interface between the feeder and distribution
facilities. Each SAI consists of a cabinet, including suitable physical mounting, and a
simple passive cross connect. In the case of fiber feeder there is an adjacent DLC remote
terminal. SAl investment is determined by the number of distribution and feeder pairs
required to be served. The model equips multiple SAlsif the pair requirement exceeds
the maximum SAI capacity.

Urban areas normally have feeder cable running directly into the basement of large
buildings, rather than interfacing at an SAl outside of the building. In such cases, the
SAl, located in the building, is significantly less expensive than the outdoor SAI. This
type of interface consists of a plywood backboard and inexpensive "punch-down blocks,"
rather than the heavy sted weatherproof outside terminals found in less urban areas. HM
5.0a thus differentiates between outdoor and indoor SAls, the former being the normal
case, and the latter being used when a serving areais identified as a high-rise building.

The Distribution Module sizes and calculates the investment in the SAls required in each
serving area based on the number of distribution and feeder pairs required to serve both
the main and outlier clusters and the urban/non-urban characteristic of the serving area.
The pertinent input parameter for the SAI is identified as B38 in Appendix B. It isthe
installed investment in an SAI, stated as a function of the number of distribution and
feeder pairs served by the SAI. The model equips each serving area with one or more
SAls. The number required is determined by comparing the total “in” and “out” lines
demand to 7,200, which is the maximum number of pairs that can be supported by a
single SAI.

HAI Consulting, Inc. 47



HAI Model Release 5.0a

A given serving areamay be served by either fiber feeder or copper feeder. When fiber
feeder is used, one of two types of DLC equipment is selected. The first is designated
“High Density” DLC, and is GR-303 compliant.”>* The second is designated “Low
Density” DLC, and is also GR-303 compliant. The choice between these two typesis
determined for each serving area. If the number of lines is below a threshold value, “low
density” DLC is used; above that threshold, “high density” DLC is assumed. The
threshold is user-adjustable, with a default value of 480 lines.

The investment in DLC equipment, when it is used, is calculated in the Distribution
Module. The parameters involved in this calculation are identified as Items B58 through
B69 in Appendix B. For either type of DLC system, low density or high density, the
investment is calculated based on user-adjustable amounts for site and powering (B58),
for common equipment (B61), and for channel units (B62). Other inputs in the range of
B59-B69 specify, for example, the number of fiber strands per RT, the maximum initial
lines that can be served by the DLC, the number, size and additional common equipment
requirement of additional line increments, and the capacity and cost of plug-in cards for
POTS and coin service. The DLCs are equipped by the model with line cards of the type
required to provide the appropriate grade of service on the analog and digital (T1) pairs
fed off of the DLC — at the distances implied by the structure of the main and outlier
clusters.

6.3.9. Calculation of Drop Investments

HM 5.0a computes a weighted average drop investment in each density zone on both a
per-drop and per-pair basis. The model uses the detailed household type and business
line information contained in the demographic database to compute the total drop
investment in each serving area. The total drop investment is applied to the sum of all
households in single family attached and detached dwellings, mobile homes and “ other”
dwelling types, al two- and four-household dwellings, and all single-line businesses.
The per-pair drop investment applies to the remaining business lines, the adjusted private
line total, and public lines, as well as to al households in multi- unit buildings containing
five or more households.

6.4. Feeder Module

6.4.1. Overview

The Distribution Module produces as inputs to the Feeder Module the main feeder and
subfeeder cable distances for each serving area. The Feeder Module uses these inputs to
calculate the investment in feeder plant.

As seen earlier in Figure 1, feeder cable begins at the wire center and ends at the SAl
located within each serving area. Figure 6 displays the basic main feeder and subfeeder

52 GR-303 (which isalso called “TR-303" in earlier documents that are still in common use in the industry)
is aBellcore requirements document dealing with interfacing a DL C system with an end office switch.
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architecture assumed in the model.>® A key difference between HM 5.0a, compared to
HM 4.0, isthat in HM 5.0athe unit of population served by a given feeder and subfeeder
cable combination is the main cluster and its subtending outlier clusters, rather than a
CBG. Note that since agiven main cluster can be surrounded by outlier clusters and/or
areas with o population, there may be gaps between the main clusters, as shown in the
drawing. In areas of dense population, they are, however, likely to be contiguous.
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Figure6 Feeder Architecture

As many as four main feeder routes may terminate at each wire center. Each feeder route
serves one quadrant of the wire center's service area, and quadrant boundaries form

53 Asdiscussed previously, subfeeder may be linked at the main cluster centroid to connecting cables that
run to two or more DLC RTslocated at other points within the main cluster. Such connecting cables are
also classified as feeder cable by the model, since telephone companies classify all cable on the wire center
side of the DLC RT asfeeder cable.
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anglesof +45° with the main feeder routes.>* Each main cluster is served by the main
feeder route associated with the quadrant containing the centroid of the main cluster. To
reach each cluster, a subfeeder branches from the main feeder at right angles and extends
to an SAI within the cluster. As described in Section 6.3.6 on the Distribution Module,
each of the four main feeders may, at the user’s option, be “steered” towards the
preponderance of main cluster locations within the quadrant in question, and a route-to-
air multiplier applied to the “steered” feeder route distance.

The main feeder cable sizes for both fiber and copper facilities are a function of the total
number of linesin each serving area, and the feeder sizing factor for those serving areas.
Feeder cable sizes range from 100 to 4200 pair cable for copper, and from 12 to 216
strands for fiber. Multiple cables are installed aong feeder routes when the maximum
size of asingle cable is exceeded. Main feeder routes taper as they pass the splice points
at which subfeeder branches off to connect to the individual serving areas. Thus, the
main feeder cable sizes generally decrease in increments as the distance from the wire
center increases.

Both copper and fiber feeder cable may appear on a single main feeder route to provide
connections to different serving areas. If they do, they share most structure, including
poles, manholes and trenching. Copper and fiber cables are assumed not, however, to
share conduit when they do follow the same route.

6.4.2. Development of Feeder Investments
6.4.2.1. Calculating Main Feeder and Subfeeder Distances

Aswas shown in Figure 6, main feeder routes extend from the wire center in as many as
four directions.>® Subfeeder cables branch from the main feeder at right angles, giving
rise to the familiar tree topology of feeder routes. The points at which subfeeders branch
off the main feeder delineate main feeder segments, which are the portions of main feeder
cable between two branch points.>®

The centers (centroids) of the main clusters may fall in any of the four feeder route
guadrants. Asshown in Figure 7, a set of parameters, including the quadrant, airline
(radial) distance and angles (omega and apha), locate the main cluster with respect to the
serving wire center. With this information, HM 5.0a applies straightforward

54 Because HM 5.0auses V& H coordinates to locate clusters and wire centers, feeder routes are assumed to
emanate from the wire center along the V& H axes. These axes are rotated slightly clockwise relative to
latitude and longitude axes.

% If no cluster centroids fall within a given quadrant of awire center, no feeder route will be provided in
that quadrant.

%6 Splicing is required where the main feeder branches into subfeeder. The cost of splicing, including
material, equipment, and labor, isincluded with the cost of the cable assumed in the model.
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trigonometric calculations to compute main feeder and subfeeder distances.®” The mode
computes sufficient subfeeder cable to connect the main feeder route to the centroid of
each main cluster. Copper feeder cable always terminates at an SAl at the centroid of the
main cluster. If the model calls for fiber feeder, the subfeeder terminates at an RT at the
centroid, adjacent to an SAl.
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The criteria by which the Model decidesif amain cluster is served by copper or fiber
feeder cable have been discussed in the Distribution Module description, since this
decision is made there.

Figure 8 demonstrates that multiple serving areas share capacity on certain segments of
the main feeder route. Segments located closer to the wire center require more capacity
than segments near the periphery. HM 5.0a addresses this need by tapering the main
feeder facilities as the distance from the wire center increases. Thus, it must determine
the various "segment distances,” shownas S-1, S-2, ..., in Figure 8, so it can size the
cable in each segment. The segment distances along a main route are calculated in two
steps. First, the main clusters are sorted so they appear in the order of increasing distance
along the main route. Segment distances are then calculated as the difference between
the main feeder distances of adjacent main clusters.

5" In rural areas where afeeder route may serve only one or two main clusters, this rectilinear routing
assumption is extremely conservative relative to the efficiencies that could be realized using a steered
feeder routing.
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6.4.2.2. Copper and Fiber Subfeeder Cable Sizing

Sizing copper subfeeder cable for individual serving areas is afunction of two
parameters. the total number of lines within the serving area and the copper feeder sizing
factor. To select the appropriate cable size, the required line capacity is computed by
dividing the total number of linesin the serving area by the sizing factor. The model then
chooses the smallest cable size that meets or exceeds this quotient. For instance, if the
number of linesis 200 and the sizing factor is 0.80, the next cable size larger than
200/0.80 is selected. Since 200/0.80 equals 250, the 400 pair cable is selected. Aswith
distribution cable, this may lower substantially the average effective fill compared to the
input value entered. Multiple cables are used in cases where the maximum cable size is
surpassed.

The number of optical fibers needed to serve a given serving area is calculated by
multiplying the number of DLC RTsin that serving area by the number of strands per
RT. The strands per RT is a user-adjustable quantity, with a default value of four.®® In
the subfeeder to a particular serving area, the model chooses the smallest optical fiber
cable size that meets or exceeds the required number of strands, with a minimum cable
size of twelve fiber strands. In the main feeder, the fiber cable on each segment is sized
to meet the aggregate demand of serving areas beyond that segment, taking a user-
adjustable fiber strand fill factor into account.

6.4.2.3. Main Feeder Segment Sizing

%8 Because aDLC terminal requires aminimum of two fibers, one for each direction of transmission, the
HM 5.0a default of four fibers provides complete redundancy.
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Each segment in the main feeder is sized to meet the requirements of al the serving areas
located past the segment. For example, in Figure 8, segment 1 is sized with adequate
capacity for serving areas 1, 2, and 3. Segment 3 will be sized with less capacity than
segment 1 since it serves only serving area 3. Thus, the individual cable requirements for
serving areas at and beyond the end of a particular main feeder segment are aggregated to
determine the required cable size for that main feeder segment. When the maximum
cable size is exceeded on a given segment, multiple cables are installed.

6.4.2.4. Structure Investments

The fraction of aerial, buried and underground plant may be set separately for al density
ranges and for each feeder cable type, copper or optical fiber. Based on these fractions,
the distances involved, and the cost of various structure components, the Feeder Module
calculates the investment in feeder structure.

In addition to the sharing of structure between telephone companies and other utilities,
there are two other forms of structure sharing relevant to feeder plant. First, with the
exception of conduit, structure is shared between copper and fiber feeder cables along
main feeder routes. Second, structure is shared between feeder and interoffice facilities.
A detailed discussion of the latter type of sharing is presented in the interoffice section of
this document.

6.4.2.5. Allocation of Main Feeder Investments

All the feeder facility investments are computed on a per-serving area basis. To do this,
it is necessary to assign the appropriate amount of investment in each segment of the
main feeder route to the individual serving areas that are served by that segment. The
portion of amain feeder segment investment assigned to a serving area whose lines are
carried on that segment is computed using the ratio of linesin that serving area to total
number of linesin all serving areas carried on that main feeder segment. Thisis done
separately for the copper and fiber feeder that may coexist on a given route.

6.4.2.6. Relevant Input Parameters

The set of user inputs and default values used in feeder calculations appear as inputs B46-
B57 and B70-B71, described in Appendix B. The Feeder Module also calculates terrain
impacts using inputs B20-B23. It allows the user to enable feeder steering and to set the
route/air ratio using B26 and B27, respectively; can override the calculated aspect ratio of
the main cluster and thereby force main clusters to be square using B27a; and specifies
excavation and restoration costs (jointly with distribution) using B197 through B201.

6.5. Switching and Interoffice Module

6.5.1. Overview

This Module produces network investment estimates in the following categories:
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a) Switching and wire center investment -- This category includes investment in
local and tandem switches, along with associated investments in wire center
facilities, including buildings, land, power systems and distributing frames.

b) Sgnaling network investment -- This includes investment in STPs, SCPs and
signaling links.

c) Transport investment -- This category consists of investment in transmission
systems supporting local interoffice (common and direct) trunks, intraLATA toll
trunks (common and direct) and access trunks (common and dedicated).

d) Operator Systems investment -- This includes investments in operator systems
positions and operator tandems.

6.5.2. Description of Inputs and Assumptions

For the Switching and Interoffice Module to compute required switching and
transmission investments, it requires as inputs total line counts for each wire center,
distances between switches, and traffic peakedness assumptions, as well as inputs
describing the distribution of total traffic among local intraoffice, local interoffice,
intraLATA toll, interexchange access and operator services. This module takes as data
inputs minutes and calling volumes from ARMIS, overall line counts obtained from the
PNR database for the serving areas belonging to that wire center, and wire center
locations and interoffice distances from the distance file for the calculation of
transmission facilities investments.®® It also requires many user-adjustable input
assumptions. The set of user inputs and default values described in Appendix B and used
in various phases of the module include:

B74-B85 and B176-B177, for end office switching;

B86-B91, for the wire center in which the end office switches and tandems are
housed.

B107-B130, for interoffice transmission terminals, media and structures,

B143-B149, for tandem switching;

B150-B163, for interoffice signaling; and

B164-B167, for operator services and public telephone.
In addition, various traffic parameters are provided by inputs B92-B106, and
miscellaneous parameters, such as the percent of traffic that requires operator assistance,
percent that is interoffice, and percent that is routed directly between end offices, are

provided by B131-B142. Finadly, thereisaset of inputs representing surrogate per-line
investment in various switching and signaling equipment components by small

9 HM 5.0aincludes a set of interoffice distance cal culations produced from wire center location
information from Bellcore's Local Exchange Routing Guide (LERG) and from NECA Tariff 4.
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independent telephone companies (*1COs’), appearing as B168-B175. These are used in
lieu of the results that would be calculated by the model for small ICOs with less than
fifty wire centers, and better reflect these ICOS' typical practice of purchasing usage of
such components from larger LECs.

Many of the calculations in the Switching and Interoffice module rely on traffic
assumptions suggested in Bellcore documents.®® These inputs, which the user may alter,
assume 1.3 busy hour call attempts (“BHCA”) per residential line and 3.5 BHCA per
business line. Total busy hour usage is then determined based on published Dial
Equipment Minutes (“DEM”) information. Other inputs, which may be changed by the
user, specify the fraction of traffic that is interoffice, the fraction of traffic that flows to
operator services, the local fraction of overall traffic, as well as breakouts between direct-
routed and tandem-routed local, intraLATA toll, and access traffic.

6.5.3. Explanation of Calculations

The following sections describe the calculations used to generate investments associated
with switching, wire centers, interoffice transport, signaling and operator systems
functions.

6.5.3.1. End Office Switching Investments

The Module places at least one end office switch in each wire center. It sizesthe
switches placed in the wire center by adding up al the switched lines in the CBGs served
by the wire center, applying a user-adjustable administrative line fill factor, and then
comparing the resulting line total to the maximum allowable switch line size. The
maximum switch line size parameter is user-adjustable; its default setting is 80,000 lines
plus trunks. The model will equip the wire center with a single switch if the number of
ports (lines and trunks) served by the wire center is no greater than a user-adjustable
maximum size — that defaults to 80,000. If awire center must serve, say, 90,000 ports,
the model will compute the investment required for two 45,000-port switches.®*

The wire center module performs two additional capacity checks. First, it compares the
BHCA produced by the mix of lines served by each switch with a user-adjustable
processor capacity (default set at a maximum of up to 600,000 BHCA, depending on the
size of the switch) to determine whether the switch is line-limited or processor real-time-
limited. In making this calculation, the per-line BHCA input is multiplied by a user-
adjustable processor feature loading multiplier. The default value of the feature loading

%0 Bell Communications Research, LATA Switching Systems Generic Requirements, Section 17: Traffic
Capacity and Environment, TR-TSY-000517, Issue 3, March 1989.

%1 |f multiple switches are required in the wire center, they are sized equally to allow for maximum growth
on each switch.
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multiplier varies between 1.2 and 2.0, depending on business line penetration, ° to reflect
additional processing loads caused by features.

Second, the module compares the offered traffic, expressed as BHCCS, with a user-
adjustable traffic capacity limit (default set at a maximum of up to 1,800,000 BHCCS,
depending on the size of the switch). To make this comparison, the per-line traffic
estimate calculated from the reported DEMs is multiplied by a user-adjustable holding
time multiplier, which can be separately set for business and residence customers.

Default values of the business and residential holding time multipliersare 1. They can be
increased above that value to reflect the incidence of calls that have longer than normal
holding times, and thus increase the traffic load on the switch. A example could be heavy
Internet access via the voice network. If either of these processor or traffic capacity tests
leads to the corresponding limit being exceeded, the model will compute the investment
required for additional switches, each serving an equal number of total lines.

HM 5.0ais capable of engineering and costing end office switching systems comprised of
explicit combinations of host, remote and standalone switches. But, because accurate
data on the purchase prices of a portfolio of host, remote and standalone switches of
varying capacities may not be available to the user, the HM 5.0a Switching and
Interoffice Module defaults to computing end office switching investments using input
values that average per-line investments over an efficient portfolio of host, remote, and
standalone erd office switches. Thus, the model’ s calculated end office switching
investments and corresponding costs subsume either explicitly specified switch
technologies on awire center by wire center basis, or a blended overall efficient mixture
of host, remote, and standalone switches within the modeled network.

If the user selects the explicit host, remote, standalone option, the user must specify for
each wire center whether the housed switches are hosts or remotes, as well as assign
correspondences between hosts and remotes. The model will designate all remaining
wire centers as housing standalone switches. The model then places the hosts and their
subtending remotes on SONET rings separate from the interoffice rings discussed below.
Host switches may therefore appear on two rings -- their local host/remote ring, and (if
the host directly serves more than the user-specified small office line limit) a larger
interoffice ring interconnecting end offices and tandem locations.

The model sizes the host-remote rings to accommodate host-remote umbilical trunk and
control link requirements. It then computes investment in SONET add/drop multiplexers
(“ADMs’) and digital cross connects (“DCSs’) for the host/remote ring and calcul ates
the average ADM and DCS investment per line for all linesin the system. The host
interoffice calculations also are adjusted to account for the increased trunk and signaling
capacity requirements imposed by the remotes served by the host.

%2 The multiplier is set at 1.2 up to abusiness penetration (i.e., % business lines) threshold set by the user,
then increases linearly to 2.0 at 100% business penetration.
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End office switching investment cal culations obtain common equipment and per-line
investments for all three switch types from a user-adjustable investment table, which
contains end office investment entries for both large and small LECs. Once the model
computes investments for each switch in a host/remote system, it calculates the average
investment per line for all of the lines in the system.

In more detail, the costing process is as follows. When the host-remote option is
selected, switching curves that correspond to host, remote and standalone switches are
used to determine the appropriate switching investment. These new switching curves
incorporate a fixed plus variable investment per line for each switch type. Itis
recognized that there are large and small host and standalone switch technologies, and
that remotes are available in multiple line sizes. Remote switches cause incremental
variable investments primarily associated with the umbilical trunk ports necessary to
carry traffic originating and terminating on the remote lines to the host switch The user
adjustable fixed and variable investments for host, standalone and remote switches have
been scaled accordingly. In accordance with the FCC's Public Notice guidelines, the cost
of an entire switching system consisting of a host and its associated remotes, is allocated
evenly over al lines served by the host-remote configuration.

In default mode, the model assumes a blended configuration of switch technologies. The
switching cost curves for this blended configuration were developed using typical per-
line prices paid by BOCs, GTE and other independents as reported in the Northern
Business Information (“NBI”) publication, “U.S. Central Office Equipment Market: 1995
Database.”®® In addition, public line and switch data from the ARMIS 43-07 and
responses to the USF NOI data request from 1994 are also employed.

The module uses a large telephone company switching investment curve that is based on
the RBOC and GTE average switching costs per line reported in the NBI study. These
two switching cost points were paired with the average sizes of current RBOC and GTE
switches derived from 1995 ARMIS 43-07 line and switch data. A third cost point for
large switches of 80,000 ports was developed from other industry sources. A logarithmic
curve was then fit to these data using least-squares regression. As demonstrated in Figure
9, this functional form fits the data very closely.

The 1993 USF NOI (Universal Service Fund Notice of Inquiry) data was used to estimate
an average line size for small LEC switches. A 1995 average line size was estimated by
assuming the 1COs have experienced growth in average lines per switch between 1993
and 1995 similar to that experienced by GTE. The value on the large LEC curve
corresponding to this 1995 small LEC average line size was compared to the ICO per line
value from the NBI report. This produced a 1.7 factor which was applied to the constant
term in the logarithmic functional form to produce a curve of identical shape, but shifted
upward by $173 per line compared to the large LEC curve. The “Sope” multiplier

%3 Northern Business Information study: U.S. Central Office Equipment Market -- 1995, McGraw-Hill,
New York , 1996
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(default of -14.922 in Figure 9) and the constant term (default of 242.73 in Figure 9 for
large LECs and default of 416.11 for small ICOs) are user adjustable.

The per-line investment figures from the NBI study are for the entire end office switch,
including trunk ports. The investment figures are then reduced by $16 per line to remove
trunk port investment based on NBI’s implicit line to trunk ratio of 6:1. The actual
number of trunks per wire center is calculated in the transport calculation, and the port
investments for these trunks are then added back into the switching investments. Figure
9 shows the switching investment curves for large LECs resulting from this methodol ogy.

Large LEC Switching Investment
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Figure9 Blended Switch Investment Curve

Wire center investments required to support end office and tandem switches are based on
assumptions regarding the room size required to house a switch (for end offices, this size
varies according to the line sizes of the switch), construction costs, lot sizes, land
acquisition costs and investment in power systems and distributing frames.

The model computes required wire center investments separately for each switch. For
wire centers housing multiple end office switches, the wire center investment calculation
adds switch rooms to house each additional switch.

6.5.3.2. Transport Investments

The traffic and routing inputs listed previously, aong with the total mix of access lines
served by each switch, form the basis for the model’ s transport calculations. The model
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determines the overall breakdown of traffic per subscriber according to the given traffic
assumptions and computes the numbers of trunks required to carry this traffic. These
calculations are based on the fractions of total traffic assumed for interoffice, local direct
routing, local tandem routing, intraLATA direct and tandem routing, and access
dedicated and tandem routing. These traffic fractions are applied to the total traffic
generated in each wire center according to the mix of business and residential lines and
appropriate per-line offered load assumptions. The model computes the total offered
load per wire center for various classes of trunks —e.g., local direct-routed trunks. It then
compares the offered load for atrunk class to a traffic engineering threshold. If the
offered load exceeds the threshold, the computed number of trunks is just the quotient of
the total offered load divided by the user-specified maximum trunk occupancy (default =
27.5 CCS). If the traffic load is less than the threshold, the model obtains the correct
number of trunks using Erlang B assumptions and 1% blocking from a lookup table.

The traffic engineering threshold value is determined from the user-specified maximum
occupancy vaue through another table lookup which determines the number of trunks
that will carry the specified maximum occupancy at 1% blocking. The threshold value is
the product of the input maximum occupancy and the corresponding number of trunks.
The user may enter maximum occupancies between 17.5 and 30 CCS.

HM 5.0a assumes that, with some exceptions, al interoffice facilities take the form of a
set of interconnected Synchronous Optical Network (SONET) fiber rings. It uses a
program written in Visual Basic for Applications (VBA) and the wire center locations
specified as V&H coordinates to compute a set of rings comprising the interoffice
network. These ring calculations apply to al operating companies that have at least one
tandem.

The interoffice network of rings consists of two ring classes: host/remote and
tandem/host/standalone. If the user invokes the feature that allows hosts and remotes to
be specified, host/remote rings are used to interconnect remote switches to their serving
host. Tandenvhost/standalone rings interconnect hosts and standalone wire centers to
their serving tandem. The methodology that the Model uses to determine the rings is the
same for both classes of rings, with hosts serving as the homing point in the network of
hosts, remotes and tandems serving as the homing point in the network of tandems, hosts,
and standalone wire centers. Any discussion in the following section is applicable to
both the host/remote and tandem/host/standal one classes, unless otherwise noted.

The interoffice distance calculations in HM 5.0a are considerably more sophisticated than
earlier versions of the Hatfield/HAI Model.®* To compute the set of interoffice rings, the
HM begins with a case where all wire centers are directly connected to their serving
tandem via redundant paths. Each wire center is then examined to determine whether it is
more advantageous to leave the wire center directly connected to the tandem or
incorporate it into aring. To make this determination, the HM compares the investment
associated with directly connecting the wire center to the tandem with the investment

%4 See Appendix D for afuller description of these calculations.
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associated with placing the wire center on aring. For direct connections, the investment
isafunction of the distance from the wire center to the tandem. When determining the
investment that is required to add a wire center to aring, the distance between
interconnected wire centers and the additional cost of multiplexing are considered. If the
investment on the ring is less than the investment associated with directly connecting to
the tandem, the office will be placed on thering.

The HM 5.0aincorporates an optimizing algorithm to ensure that it constructs ringsin an
efficient fashion. The savings that are generated by placing a wire center on aring are
computed as the difference between on-ring and directly connected investment. The HM
places the offices that produce the greatest savings on the ring first. When no more
savings are possible, the process of creating rings is complete.

When computing rings, the greatest savings often is realized by allowing a set of wire
centers to form their own standalone ring that does not include the serving tandem as a
node. The algorithm requires the tandem to be placed on at least one ring. But since all
wire centers must have a communications path to their serving tandem, standalone rings
are connected to the tandem through a series of ring connectors that provide paths either
between rings, or between a standalone ring and the tandem. The location of each ring
connector is determined by identifying the smallest distance from each node on the
standalone ring to either the tandem itself, or to any other ring that has tandem
connectivity. All ring connector distances and connector terminal costs are doubled to
reflect the installation of redundant facilities.

Since rings are interconnected, traffic between wire centers on two rings may “transit”
one or more additional rings. Thus, the calculated capacity of aring, based on the traffic
originating/terminating in wire centers on the ring, must be increased to reflect the
requirement that the ring also be able to handle transiting traffic. The actual amount of
such transiting traffic on aring is highly dependent on (1) the position of that ring in the
overal configuration of rings serving a given area; and (2) the amount of traffic
generated (or terminated) by wire centers on a given ring that is destined for wire centers
on another ring, and therefore “leaks’ out of the originating ring. The model increases
the capacity of each ring to handle transiting traffic based on a user-adjustable “transiting
factor,” whose default valueis 0.4. This factor represents the percentage of additional
ring capacity consumed by transiting traffic. Thus; the model increases the calcul ated
ring capacity requirement by (1 + transiting factor).

There are two user-adjustable parameters that govern the creation of rings. First, it is
possible to set the maximum number of wire centers that may share the same ring — see
parameter B142 in Appendix B. The default number is 16. Once this limit has been
reached, no additiona wire centers will be absorbed by the maximally sized ring — even if
doing so would produce a network with a smaller total investment. The second, which
applies only to host/standal one/tandem rings, is a threshold value dictating the minimum
number of switched plus special lines awire center must serve to be eligible to be placed
on aring. Thisthreshold corresponds to Parameter B139 in Appendix B; its default value
isone.
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Wire centers that serve fewer than this threshold total line count will either: 1) directly
connect to the tandem; or 2) connect to the nearest standalone or host wire center that is
on aring. The option that yields the shortest spur distance is selected. In either case,
redundant facilities are provided.

At the highest level in the ring network, the HM must provide a path for tandem to
tandem traffic for tandems that are located in the same LATA. Thisis accomplished
through the use of inter-ring-system connectors.®® The inter-ring-system connectors
facilitate a fully interconnected mesh of al the ring systems that exist within aLATA.
Ring systems may be connected to other ring systems either through direct tandem to
tandem paths, or through any of the on-ring nodes served by those tandems. Inter-ring-
system connectors aways follow route-diverse paths and will, in most cases, terminate at
unique nodes within each of the ring systems. The nodes and paths selected are those
that produce the shortest two paths between ring systems. . To ensure tandem switches
are sized to handle inter-tandem traffic, there is a user-adjustable parameter (default value
0.10), identified in Appendix B as “Intertandem Fraction of Tandem Trunks,” and
expressed as a multiplier of the number of tandem trunks calculated from traffic volumes,
that increases the calculated capacity of the tandem switches.

The result of the ring-calculating process is a list of the computed host/remote and
tandem/host/standal one ring configurations. These ring configurations are broken out by
each tandem or host, and the wire centers they serve through the ring network. The
following information is reported in the workfile “ring_io” worksheet for each set of
rings. 1) the set of wire centers that comprise the ring; 2) the identification of each wire
center and the nodes (other wire centers) to which it connects; 3) the distance between
each wire center and the nodes to which it connects; 4) alist of the wire centers served by
spurs and their associated spur distance; 5) alist of the wire centers that serve as inter-
ring-system connector nodes and their associated inter-ring-system connector distance;
and 6) alist of the wire center pairs that serve as ring connectors and the their asociated
ring connector distances. In addition to the ring distance associated with each wire
center, several ring parameters are aggregated by company. These include: 1) the total
number of ring connectors, 2) the total ring connector distance; 3) the total number of
inter-ring-system connectors; 4) the total inter-ring-system connector distance; and 5) the
total number of rings that include the tandem as anode. The model equips each ring
connector with the maximum rate SONET equipment (OC-48) in current common use by
the LECs. Spur terminals operate at OC- 3, a sufficient capacity given the 5000 line
threshold for the smaller wire centers being placed on a spur.

Once the model determines the total interoffice distances, considering rings, connectors,
and point-to-point links for small offices, it calculates the costs of installed cable and
structure based on user-definable inputs for cable costs, structure costs and configurations
(e.g., pullbox spacing), the mix of different structure types, and the amount of structure
sharing between interoffice and feeder plant. To account for this structure sharing, the
model determines the smaller of the investment in feeder and the investment in

%5 A ring system is defined as the set of nodes, connectors, spurs, and ring connectors associated with a
particular tandem.
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interoffice facilities, and applies the user-specified sharing percentage to the smaller
value to calculate the amount of shared structure investment. The model then subtracts
this amount of investment from both the interoffice and feeder investment, and reassigns
it back to feeder and interoffice according to the relative amounts of investment in feeder
versus interoffice. It does this separately for underground, buried, and aerial structure.

Interexchange access facilities require additional treatment. Because interexchange
carrier POPs are typically not located on LEC fiber rings, dedicated entrance facilities
must be engineered. It is not possible to compute the route miles between wire centers
(or tandems) and I XC POPs to size the lengths of these entrance facilities, because in
general the locations of IXC POPs are not publicly available. Therefore, the number of
POPs per tandem, and the average entrance facility distance, are user-adjustable, with
default values of 5 and 0.5 miles, respectively.

6.5.3.3. Tandem Switch Investments

Tandem and operator tandem switching investments are computed according to
assumptions contained in an AT&T cost study.®® The investment calculation assigns a
price for switch "common equipment,” switching matrix and control structure, and adds
to these amounts the investment in trunk interfaces. The numbers of trunks and their
related investments, are derived from the transport cal culations described above.

The module scales the investment in tandem switch common equipment according to the
total number of tandem trunks computed for the study area. By doing so, it avoids
equipping maximum:-capacity tandems whenever a LATA is served by multiple tandems.
The calculations also recognize that a significant fraction of tandems are “Class 4/5”
offices that serve both tandem and end office functions. The amount of sharing assumed
is user-adjustable, with a default value of 40%. Tandem wire center cal culations assume
the maximum switch room size, and further assume the tandem will reside in awire
center that contains at least one end office switch.

6.5.3.4. Signaling Network Investments

The Module computes signaling link investment for STP to end office to or tandem “A
links,” “C links’ between the STPsin a mated pair, and “D link” segments connecting the
STPs of different carrier's networks. All links are assumed to be carried on the
interoffice rings.

The model always equips at least two signaling links per switch. It also computes
required SS7 message traffic according to the call type and traffic assumptions described
earlier. User inputs define the number and length of ISDN User Part (*ISUP”) messages
required to set up interoffice calls. Default values are six messages per interoffice call
attempt to set up, with twenty-five octets per message.

% AT&T, "An Updated Study of AT& T's Competitors' Capacity to Absorb Rapid Demand Growth," filed
with the FCC in CC Docket No. 79-252, April 24, 1995, and its predecessor, “A Study of AT&T's
Competitors' Capacity to Absorb Rapid Demand Growth,” June 20, 1990. ("AT&T Capacity Cost Study").
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Other inputs define the number and length of Transaction Capabilities Application Part
(“TCAP") messages required for database lookups, aong with the percentage of calls
requiring TCAP message generation. Default values, obtained from the AT& T Capacity
Cost Study, are two messages per transaction, at 100 octets per message, and 10% of all
calsrequiring TCAP generation. |If the message traffic from a given switch exceeds the
link capacity (also user-adjustable and set at 56 kbps and 40% occupancy as default
values), the model will add links to carry the computed message load. The total link
distance calculation includes all the links required by a given switch.

STP capacity is expressed as the total number of signaling links each STP in a mated pair
can terminate (default value is 720 with an 80% fill factor). The maximum investment
per STP pair is set at $5 million, and may be changed by the user. These default values
derive from the AT& T Capacity Cost Study. The STP calculation scales this investment
based on the number of links the model requires to be engineered for the study area.

SCP investment is expressed in terms of dollars of investment per transaction per second.
The transaction calculation is based on the fraction of calls requiring TCAP message
generation. The total TCAP message rate in each LATA is then used to determine the
total SCP investment. The default SCP investment is $20,000 per transaction per second,
based on a number reported in the AT& T Capacity Cost Study.

6.5.3.5. Operator Systems Investments

Operator tandem and trunk requirements are based on the operator traffic fraction

inserted by the user into the model and on the overall maximum trunk occupancy value of
27.5 CCSdiscussed above. Operator tandem investment assumptions are the same as for
local tandems.

Operator positions are assumed to be based on current workstation technology. The
default operator position investment is $6,400. The Model includes assumptions for
maximum operator "occupancy” expressed in CCS. The default assumption is that each
position supports 32 CCS of traffic in the busy hour. Also, because many operator
services traditionally handled by human operators may now be served by announcement
sets and voice response systems, the model includes a "human intervention” factor that
reflects the fraction of calls that require human operator assistance. The default factor is
10, which is believed to be a conservative estimate. (A factor of 10 implies that one out
of ten calls will require human intervention).

6.6. Expense Modules

6.6.1. Overview

HM 5.0a contains four Expense Modules in order to allow the user to display results by
line density range, by wire center, by CBG or by cluster.®’ Each of the Expense Modules

87 Although the HM 5.0a engineers no plant based on CBG granularity, the results of its engineering to
individual clusters may berolled up to display cost results at the CBG level.
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receive from the other modules all the network investments, by type of network
component necessary to provide UNES, basic universal service and network
interconnection and carrier access in each study area. The Expense Modules estimate the
capital carrying costs associated with the investments as well as the costs of operating
this network. Capital carrying costs include depreciation, return on the debt and equity
investment required to build the network and a gross-up to pay for the income taxes
imposed on equity returns. Network-related operating expenses include maintenance and
network operations. Non-network-related operating expenses include customer operations
expenses, general support expenses, other taxes, uncollectibles and variable overhead
eXpenses.

The Expense modules require a number of user inputs. These inputs, and their
corresponding default values, appear as inputs B178-B196 in Appendix B.
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6.6.2. Capital Carrying Costs

Estimating forward- looking capital carrying costsis relatively straight-forward. The
FCC and state regulators have developed standard practices that are based on sound
economics to perform this function. The model calculates annual capital cost for each
UNE component based on:

a) Plant investment for that component from the relevant investment modules,
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b) Thereturn to the net asset;
c) Anincome tax gross-up on the equity component of the return, and

d) The expected service life adjusted for net salvage value (depreciation) of the
component.

Each of these elements of the capital carrying cost estimate is discussed below.

The weighted average cost of capital (return) is built up from several components. A
45/55 debt/equity ratio is assumed, with a cost of debt of 7.7 percent and a cost of equity
of 11.9 percent, for an overall weighted average cost of capital of 10.01 percent.®® The
equity component of the return is subject to federal, state and local incometax. Asa
consequence, it is necessary to increase the pre-tax return dollars, so that the after-tax
return is equal to the assumed cost of capital. A user-adj ustable assumed combined 39.25
percent federal, state and local income tax (“FSLIT”) rate is used “gross up” return
dollarsto achieve this result.

The model assumes straight- line depreciation and calculates return on investment, tax
gross-up and depreciation expenses annually on the mid-year value of the investment.
Because capital carrying costs are levelized, substitution of nonlinear or accelerated
depreciation schedules for straight- line depreciation would have only a modest net effect
on calculated annual capital carrying costs (aside from favorable tax effects). Default
values for the service lives of the 23 categories of equipment used in the Model are based
on their average projection lives adjusted for net salvage value as determined by the
three-way meetings (FCC, State Commission, LEC) for 76 LEC study areas including all
of the RBOCs, SNET, Cincinnati Bell, and numerous GTE and United companies. The
table below shows the plant categories, their economic lives, their percent net salvage
value, and the resulting adjusted projection lives upon which depreciation is based.
These economic lives and net salvage percents are user-adjustable.

®8 This assumed cost of capital is conservatively high. Current financial analyses show LEC cost of capital
to range between 9 and 10 percent. See, AT& T ex partefiling of February 12, 1997, “ Estimating the Cost
of Capital of Local Telephone Companies for the Provision of Network Elements,” by Bradford Cornell,
September, 1996.
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Economic Net Salvage Adj.ust.ed
Account USOA Category Lives Percent Projection

Lives

2112 Motor Vehicles 8.24 0.1121 9.28
2115 Garage Work Equipment 12.22 -0.1071 11.04
2116 Other Work Equipment 13.04 0.0321 13.47
2121 Buildings 46.93 0.0187 47.82
2122 Furniture 15.92 0.0688 17.10
21231 Office Support Equipment 10.78 0.0691 11.58
2123.2 Company Comm Equipment 7.40 0.0376 7.69
2124 Computers 6.12 0.0373 6.36
2212 Digital Switching 16.17 0.0297 16.66
2220 Operator Systems 9.41 -0.0082 9.33
2232.2 Digital Circuit Equipment 10.24 -0.0169 10.07
2351 Public Telephone 7.60 0.0797 8.26
NID, SAI 19.29

2411 Poles 30.25 -0.8998 15.92
2421-m Aerial Cable - Metallic 20.61 -0.2303 16.75
2421-nm  Aerial Cable - Non-Metallic 26.14 -0.1753 22.24
2422-m Underground - Metallic 25.00 -0.1826 21.14
2422-nm Underground - Non-Metallic 26.45 -0.1458 23.08
2423-m Buried - Metallic 21.57 -0.0839 19.90
2423-nm Buried - Non-Metallic 25.91 -0.0858 23.86
2426-m Intrabuilding - Metallic 18.18 -0.1574 15.71
2426-nm Intrabuilding - Non-Metallic 26.11 -0.1052 23.62
2441 Conduit Systems 56.19 -0.1034 50.92
Average Metallic Cable (calculated) 19.29

Return is earned only on net capital, but because depreciation results in a declining value
of plant in each year, the return amount declines over the service life of the plant. To
ensure that a meaningful long run capital carrying cost is calculated, the return amount is
levelized over the assumed life of the investment using net present value factors. An
annual capital carrying charge factor is developed for economic depreciation lives from 1
to 80 years. (see, "CCCFactor" worksheet in the Expense Module). These factors (which
are also disaggregated into their depreciation, return and tax components) are then
applied to investment in each plant category (with interpolation to account for fractional
year values for economic life) to determine the annual capital carrying cost for each plant

category.

6.6.3. Operating Expenses

Estimating LEC operating costs is more difficult than estimating capital costs. Few
publicly available forward-looking cost studies are available from the ILECs
Consequently, many of the operating cost estimates developed here must rely on
relationships to and within historical ILEC cost information as a point of departure for
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estimating forward-1ooking operating costs. While certain of these costs are closely
linked to the number of lines provided by the ILEC, other categories of operating
expenses are related more closely to the levels of their related investments. For this
reason, the Expense Module devel ops factors for numerous expense categories and
applies these factors both against investment levels and demand quantities (as
appropriate) generated by previous modules.

The HM 5.0a density zone Expense Module now includes a USOA Detail worksheet that
breaks out the HM 5.0a investments and expense results by Part 32 account for
comparison with embedded ARMIS data. There is also an Expense Assignment
worksheet that allows the user to vary the proportion of total expenses that are assigned
to loop network elements (i.e., NID, distribution, concentration and feeder) based on
relative number of lines versus based on the relative amount of direct expenses (direct
expenses include maintenance expenses and capital carrying costs for specific network
elements).

The operating expenses can be divided into two categories -- network related and non
network related. Network-related expenses include the cost of operating and maintaining
the network, while non-network expenses include customer operations and variable
overhead.

The cost categories contained in the FCC’'s USOA are used as the point of departure for
estimating the operating expenses associated with providing UNES, basic universal
service and carrier access and interconnection. The maor expense categories in the
USOA are Plant Specific Operations Expense, Plant Non-Specific Operations Expense,
Customer Operations Expense and Corporate Operations Expense. The first two are
network-related, the latter are not.

LECs report historical expense information for each of these mgjor categories through the
FCC' s ARMIS program. The ARMIS data used in the Expense Module include
investment and operating expenses and revenues for a given local carrier and state. As
noted above, forward- looking expense information for these categories is not publicly
available from the ILECs. A variety of approaches are used to estimate the forward-
looking expenses.

6.6.3.1. Network-Related Expenses

The two mgjor categories under which network-related expenses are reported by the
ILECs are plant-specific operations expenses and non plant-specific operations expenses.
The plant-specific expenses are primarily maintenance expenses. Certain expenses,
particularly those for network maintenance, are functions of their associated capital
investments. The Expense Module estimates these from historic expense ratios
calculated from balance sheet and expense account information reported in each carrier’s
ARMIS report. These expense ratios are applied to the investments devel oped by the
Distribution, Feeder, and Switching and Interoffice Modules to derive associated
operating expense amounts. The ARMIS information used to perform these functionsis
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contained in the “ARMIS Inputs’ worksheet, and the expense factors are computed in the
“'96 Actuals’ worksheet of the Expense Module.

Other expenses, such as network operations, vary more directly with the number of lines
provisioned by the ILEC rather than its capital investment. Thus, expenses for these
elements are calculated in proportion to the number of access lines supported.

The Expense Module estimates direct network-related expenses for all of the UNEs.
These operating expenses are added to the annual capital carrying cost to determine the
total expenses associated with each UNE. Each network-related expense is described
below:

a) Network Support -- This category includes the expenses associated with motor
vehicles, aircraft, special purpose vehicles, garage and other work equipment.

b) Central Office Switching -- This includes end office and tandem switching as well
as equipment expenses.

c) Central Office Transmission -- This includes circuit equipment expenses applied
to transport investment.

d) Cableand Wire -- This category includes expenses associated with poles, aerial
cable, underground/buried cable and conduit systems. This expense varies
directly with capital investment.

€) Network Operations-- The Network Operations category includes power,
provisioning, engineering and network administration expenses.

The Expense Module uses specific forward- looking expense factors for digital switching
and for central office transmission equipment; these values derive from a New England
Telephone cost study.®® The Module similarly computes a forward-1ooking Network
Operations value based on the corresponding ARMIS value. The total Network
Operations expense is strongly line-dependent. The model thus computes this expense as
aper-line additive value based on the reported total Network Operations expense divided
by the number of access lines and deducting a user-adjustable 50 percent of the resulting
quotient to produce a forward-looking estimate.

6.6.3.2. NonNetwork-Related Expenses

The Expense Module assigns nort network related expenses to each density range, census
block group, or wire center (depending on the unit of analysis chosen) based on the
proportion of direct expenses (network expenses and capital carrying costs) for that unit
of analysisto total expensesin each category. Each of these expenses is described below:

%9 New England Telephone, 1993 New Hampshire Incremental Cost Study, Provided in Compliance with
New Hampshire Public Utility Commission Order Number 20, 082, Docket 89-010/85-185, March 11,
1991.
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a) Variablesupport -- Certain costs that vary with the size of the firm, and therefore
do not meet the economic definition of a pure overhead, are often included under
the classification of General and Administrative expenses by ILECs. For example,
if aLEC did not provide loops, it would be a much smaller company, and would
therefore have lower overhead costs. Some of these costs are nonethel ess
attributed to overhead under current ILEC accounting procedures. Therefore, the
model includes a portion of these “overhead” costs in the TSLRIC estimates.

Such variable support expenses for LECs currently are substantially higher than
those of similar service industries operating in more competitive environments.
Based on studies of these variable support expenses in competitive industries such
as the interexchange industry, the model applies a conservative, user-adjustable
10.4 percent variable support factor to the total costs (i.e., capital costs, network-
related operations expenses and non-network-related operating expenses)
estimated for unbundled network elements, as well as basic local service.

b) General Support Equipment -- The module calculates investments for furniture,
office equipment, general purpose computers, buildings, motor vehicles, garage
work equipment, and other work equipment. The Model uses actual 1996
company investments to determine the ratio of investments in the above
categories to total investment. The ratio is then multiplied by the network
investment estimated by the Model to produce the investment in general support
equipment. The recurring costs -- capital carrying costs and operating expenses --
of these items are then calculated from the investments in the same fashion as the
recurring costs for other network components. A portion of general support costs
is assigned to customer operations and corporate operations according to the
proportion of operating expense in these categories to total operating expense
reported in the ARMIS data. The remainder of costs is then assigned directly to
UNEs.

c) Uncollectible Revenues -- Revenues are used to calculate the uncollectibles factor.
This factor is aratio of uncollectibles expense to adjusted net revenue. The
Module computes both retail and wholesale uncollectibles factors, with the retail
factor applied to basic local telephone service monthly costs and the wholesale
factor used in the calculation of UNE costs.

6.6.4. Expense Module Output

The Density Zone and Wire Center expense modules display resultsin a series of reports
which depict detailed investments and expenses for each UNE for each density zone and
wire center, summarized investments and expenses for all UNES, unit costs by UNE and
total annual and monthly network costs. In addition, the UNES are used to estimate
interexchange access costs. The Density Zone, Wire Center, CBG and Cluster expense
modules also calculate the cost of basic local service and universal service support across
density zones, wire centers, CBGs and clusters, respectively.

6.6.4.1. UNE Outputs (Unit Cost Sheet)
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The HAI Model produces cost estimates for Unbundled Network Elements that are the
building blocks for al network services. The UNEs are described below.

a)

b)

f)

9

h)

Network Interface Device -- This is the equipment used to terminate aline at a
subscriber’s premise. It contains connector blocks and over-voltage protection.

Loop Distribution -- The individual communications channel to the customer
premises originating at the SAl and terminating at the customer’s premises. In the
HAI Modél, this UNE aso includes the investments in NID, drop and
terminal/splice, and for long loops, the cost of T1 electronics.

Loop Concentrator/Multiplexer -- The DLC remote terminal at which individual
subscriber traffic is multiplexed and connected to loop distribution for termination
at the customer’s premises. The HAI Model includes DLC equipment and SAl
investment in this UNE.

Loop Feeder -- The facilities on which subscriber traffic is carried from the line
side of the end office switch to the Loop Concentration facility. The UNE
includes copper feeder and fiber feeder cable, plus associated structure
investments (poles, conduit, etc.)

End Office Switching -- The facility connecting lines to lines or lines to trunks.
The end office represents the first point of switching. As modeled in the HAI
Model, this UNE includes the end office switching machine investments and
associated wire center costs, including distributing frames, power and land and
building investments.

Operator Systems-- The systems that process and record special toll calls, public
telephone toll calls and other types of calls requiring operator assistance, as well
as Directory Assistance. The investments identified in the HAl Modéd for the
Operator Systems UNE include the operator position equipment, operator tandem
(including required subscriber databases), wire center and operator trunks.

Common Transport -- A switched trunk between two switching systems on which
traffic is commingled to include LEC traffic as well as traffic to and from multiple
IXCs. These trunks connect end offices to tandem switches. Results are provided
on a per-minute basis for the central office terminating equipment associated with

the UNE, and for the transmission medium.

Dedicated Transport -- The full-period, bandwidth specific interoffice
transmission path between LEC wire centers and an | XC POP (or other off-
network location). It provides the ability to send individual and/or multiplexed
switched and special services circuits between switches. Results are provided on
a per-minute basis and per-channel basis for the central office terminating
eguipment and entrance facilities associated with the UNE, and on a per- minute
and per-channel basis for the transmission medium.
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i) Direct Transport-- A switched trunk between two LEC end offices. Results are
provided on a per- minute basis for the central office terminating equipment
associated with the UNE, and on a per- minute basis for the transmission medium.

J) Tandem Switching -- The facility that provides the function of connecting trunks
to trunks for the purpose of completing inter-switch calls. Similar types of
investments as are included in the End Office Switching UNE are also reflected in
the Tandem Switching UNE.

k) Sgnaling Links-- Transmission facilities in a signaling network that carry all
out-of-band signaling traffic between end office and tandem switches and STPs,
between STPs, and between STPs and SCPs. Signaling link investment is
developed by the HAI Model and assigned to this UNE.

[) Sgnal Transfer Point -- This facility provides the function of routing TCAP and
| SUP messages between network nodes (end offices, tandems and SCPs). The
Model estimates STP investment and assigns it to this UNE.

m) Service Control Point -- The node in the signaling network to which requests for
service handling information (e.g., trandations for local number portability) are
directed and processed. The SCP contains service logic and customer specific
information required to process individual requests. Estimated SCP investment is
assigned to this UNE.

6.6.4.2. Universal Service Fund Outputs (USF Sheet)

The caculation of costs for basic local service is based on the costs of the UNEs
constituting this service. These are the loop, switch line port, local minute portions of end
office and tandem switching, transport facilities for local traffic, and the local portions of
signaling costs.”® In addition, costs associated with retail uncollectibles, variable
overheads, and certain other expenses required for basic local service, such as billing and
bill inquiry, directory listings, and number portability costs, are included. No operator
services or SCP costs ae included. The model user has the ability to select dynamically
the portions of nonttraffic-sensitive UNESs to be included in the supported basic local
service.

The USF report in the expense module then compares the monthly cost per line used at
residence or business intensity in each density range, wire center, CBG or cluster to user-
adjustable “benchmark” monthly costs for local service (which includes the End User
Common Line charge). If the cost exceeds the associated benchmark, the model
accumulates the total required annual support relative to stated benchmarks according to
the number of primary residence lines, secondary residence lines, single line business
lines, multiline business lines, or public lines by density zone, wire center, CBG or
cluster (depending on the unit of analysis selected).

0 On an optional basis, the usage sensitive cost of switched access use can be included as well.
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The Density Zone USF sheet now contains separate state and federal fund calculations.
These permit separate state and federal cost benchmarks; as well as the opportunity to
separately specify the particular services (e.g., primary and secondary residential lines,
single line business, etc.) to be supported.

6.6.4.3. Carrier Access and Interconnection (Cost Detail Sheet)

The calculation of the costs for carrier access and interconnection to the ILEC' s local
network are displayed in the “ Cost Detail” sheet of the expense module. These costs are
built up from the costs of the UNESs that constitute them. In particular, the costs of IXC
switched access and local interconnection are based simply on the unit costs of EO
switching, dedicated transport, common transport, tandem switching and I1SUP signaling
messages. |n addition, the sheet also displays built up costs of various signaling services
that might be used by IXCs or CLECs, as well as the costs of several forms of dedicated
transport.
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7. Summary

In its Release 5.0a formulation, the HAI Model reliably and consistently estimates the
forward-looking economic cost of unbundled local exchange network elements, carrier
access and interconnection and the forward- looking economic cost of basic local
telephone service for universal service funding purposes. It uses the most accurate and
granular data on actual customer locations available today, and it overlaysits loop
distribution network on these actual customer locations.

Because all of these calculations are performed in adherence to TELRIC/TSLRIC
principles, HAI Model cost estimates provide the most accurate basis for the efficient
pricing of unbundled network elements carrier access and interconnection and the
calculation of efficient universal service funding requirements.

Like its predecessor, the HM 5.0a methodology is open to public scrutiny. To the extent
possible, it uses public source data for its inputs. When documentable public source data
islacking, these default input values represent the devel opers best judgments of efficient,
forward-1ooking engineering and economic practices. In addition, because these inputs
are adjustable users of HM 5.0a can use the model’ s automated interface to model
directly and simply any desired aternative.
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Appendix A

History of the Hatfield/HAI Model
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Appendix B

HM 5.0a | nputs, Assumptions
and Default Values
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Appendix C

HM 5.0a | nput Data Devel opment
Flow Charts
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Appendix D

General Rules Governing the
Creation of the HM 5.0a
Distance Files
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Appendix E

Equation Listingsfor the
HM 5.0a Network Engineering
Logic Modules:

Distribution
F eeder

Switching and | nteroffice
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